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THE QUANTITATIVE MICROSCOPIC ANALYSIS OF 
COMMERCIAL FELDSPAR! 


By HERBERT INSLEY 


ABSTRACT 

This investigation was undertaken to develop microscopic methods for determining 
quantitatively the mineral constituents in feldspars used in the ceramic and allied 
industries. After several methods had been tried, a method of counting the grains and 
of using liquids of different indices of refraction for distinguishing the constituents was 
finally adopted. Nineteen commercial feldspars were analyzed by this method and the 
results compared with the results obtained by computing the chemical analyses to 
mineral constituents. Another method in which a partially fused sample was examined 
microscopically was also found suitable. It is concluded that, while neither the counting 
method nor the fusion method is as accurate as chemical analysis, the counting method 
gives satisfactory results for plant control in terms of potash feldspar, plagioclase 
feldspar, and quartz when used by a skilled microscopist, and the fusion method gives 
satisfactory results in the hands of the plant technologist for estimating quartz. 


I. Introduction 


The pulverized commercial feldspar as it is supplied to the manu- 
facturer of whiteware, porcelain, enamels, or glass, is not a pure mineral 
of unvarying composition, but is a mixture of several varieties of 
feldspar and is contaminated with the minerals which occur in the 
deposits from which the feldspars are mined. The relative amounts of 
the different feldspars and of the impurities vary greatly in different 
parts of the deposits and consequently there may be a wide difference 
in shipments from the same producer unless the product is carefully 
selected or blended before delivery. 

These variations in composition may seriously affect the firing 
behavior and the physical qualities of the ceramic product and, there- 
fore, knowledge of them is important to the manufacturer. Potash 
feldspar has a materially different softening range from soda feldspar, 
while quartz may alter the softening ranges of either potash or soda 
feldspars or mixtures of the two. 

It is essential, therefore, for the user of feldspar to have a method 
whereby he can quickly determine not only whether certain minerals 
are present in a sample but also approximately the quantity present. 
Practically all the commercial ground feldspar now contains quartz. 
Quartz is an essential constituent in most of the batches in which 
feldspar is used and, therefore, its presence in moderate amounts is 


1 Published by permission of the Director of the Bureau of Standards, U. S. Depart- 
ment of Commerce. 

Presented at the Annual Meeting, AMERICAN CERAMIC Society, Detroit, Mich., 
February, 1927. (White Wares Division.) Received June 4, 1927. 
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not harmful. It is extremely important, however, to know the amount 
of quartz present in order that proper allowance may be made for it in 
calculating the batch composition. Staley' cites an instance where the 
quartz content, as calculated from chemical analyses of samples from 
different cars received in one year, varied from 8.7 to 45.6%. 


II. Types of Control Tests for Purity of Feldspar 


A number of rapid control tests to determine the quality of the 
feldspars as received have been devised which depend upon the physical 
behavior of the samples. Standard samples of feldspar or of a body 
containing feldspar are prepared which are used for comparison with 
the samples to be tested. Comparative softening points, range of 
vitrification, translucency, etc., are determined in this way. One chief 
defect in methods of this type is that the test gives little information 
as to the mineral content of the feldspar. Thus, divergence in the 
fusion temperature or vitrification range of the tested commercial 
feldspar from that of the standard may be due to variations in the 
amounts of any or all of the mineral constituents of the tested feldspar 
as compared with the same constituents in the standard feldspar. 
Determinations of this character, therefore, sometimes fail to indicate 
in what direction the relative amounts of feldspar and quartz in the 
batch should be changed in order to compensate for the deviations of 
the tested sample of feldspar from the standard. 

Methods of analysis which give quantitative figures for the mineral 
constituents do not have the defects of the arbitrary control methods. 
Such quantitative figures show at once the differences between the 
standard feldspar and the feldspar in question and indicate the com- 
pensating changes that should be made in the batch. 

An accurate and fairly complete chemical analysis can be computed 
to terms of mineral constituents. This method is undoubtedly more 
accurate than any other method so far devised provided that the 
assumptions upon which the calculations into mineral terms are based 
are correct. Unfortunately, chemical analyses are expensive and time- 
consuming. Many ceramic manufacturers do not have the necessary 
equipment for making such analyses and others do not feel that they 
would be profitable. Unquestionably chemical analyses would be 
justified in many plants where they are not now used. 

Several control methods using the petrographic microscope have 
been suggested. They are based primarily on the difference in optical 
properties of quartz and the different varieties of feldspar. McCaughey? 


1 The Ceramist, 4, 168 (1924). 
2 “Examination of Commercial Spar,’’ Trans. Amer. Ceram. Soc., 15, 381-87 (1913). 
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has suggested a method of differentiation based on the differences in 
indices of refraction of the major constituents of commercial feldspar. 
The samples used by him were large pieces and were carefully crushed 
to pass a certain mesh sieve. He thus obtained grains of a uniform size 
for microscopic examination. Commercial feldspars as received by the 
ceramic manufacturers, however, are usually ground before shipment 
and, therefore, samples of a uniform grain size can not be chosen. An 
adaptation of McCaughey’s method for previously ground material 
has been used in this investigation. 

Booze and Klein! have devised a method which is based on the 
difference in melting points of feldspar and of quartz. Samples of 
commercial feldspar are held at such a temperature that the feldspar 
is melted but the quartz is neither melted nor noticeably dissolved in 
the molten feldspar. The sample is then examined under a microscope 
with crossed nicols so that the isotropic melted feldspar is dark and the 
quartz grains give interference colors. Comparison is made with fused 
samples of pure feldspar containing known amounts of added quartz. 
This method is only useful in determining the amount of quartz present. 
It does not distinguish the kinds of feldspar present. 


III. Present Investigation 


A comprehensive investigation of the feldspars used by the ceramic 

industries has been undertaken by this Bureau.’ As this investigation 
included the chemical analysis of 19 feldspars in the form supplied to 
the manufacturers, the samples afforded an excellent opportunity for 
a comparative study of methods of microscopic analysis. The purpose 
of this paper is to describe the microscopic methods tried, to compare 
the results of these microscopic methods with each other and with the 
chemical method, and to recommend the type of microscopic method 
applicable to plant control. 
Before attempting to formulate methods of 
analysis of commercial feldspars, it may be well 
to review the chemical and physical properties 
of the feldspars and their associated minerals. 

The feldspars may be considered, in part at least, as members of 
solid solution series with three end members of definite composition. 
The end members are: orthoclase or microcline (K.O- AlsO3-6SiO2), 


(1) Composition of 
the Feldspars 


1 Jour. Amer. Ceram. Soc., 6, 698-703 (1923). 

? This investigation is now being concluded. (First Progress Report, The Ceramist, 
6, 708-16 (1925); Second Progress Report, Jour. Amer. Ceram. Soc., 10, [6], 411-34 
(1927). The sample numbers used in this paper are those of the First Progress Report. 
The new sample numbers, used in the Second Progress Report, are given in the last 
column of Table II. 
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albite (Na2O- Al,O;-6SiO2) and anorthite (CaO- Al.O;- 2SiO2). Authori- 
ties now agree that albite and anorthite form a complete series of 
solid solutions called the plagioclase series. It is also fairly well estab- 
lished that the potash feldspars (orthoclase and microcline) form an 
incomplete series of solid solutions with the soda feldspar (albite); 
that is, the potash feldspar takes into solid solution only a limited 
amount of soda feldspar and the soda feldspar only a limited amount of 
potash feldspar. There is a possibility that some kind of solid solution 
exists between potash feldspar and lime feldspar, but satisfactory 
evidence is still lacking. 

It has been possible to synthesize in the dry 
way’ all the feldspars of the plagioclase series 
with the exception of albite and the high 
soda members close to it in composition. The 
latter do not crystallize probably because of the high viscosity of the 


(2) Optical Properties 
of the Feldspars and 
Associated Minerals 


melt. The optical 

1.560 ) properties of the feld- 

1.540 have been carefully 

: 3 te optical _ properties,” 

such as indices of Te- 

fraction, extinction 

Fic. 1.—See Table I. Indices of refraction of the feldspars. angles, optical char- 

acter, etc., are of 


importance, but for identifying the constituents of commercially 
ground feldspar only the indices of refraction are of value. Table I 


! Day, Allen, and Iddings, ‘“‘The Isomorphism and Thermal Properties of the Feld- 
spars,’ Carnegie Inst. of Washington, Publication No. 31, 1905. Bowen, ‘“‘The Melting 
Phenomena of the Plagioclase Feldspars,”’ Amer. Jour. Sci., [4], 35, 577-99 (1913). 

* Tabulations of the optical properties of the feldspars are to be found in the following 
reference works: E. S. Larsen, ‘“The Microscopic Determination of the Nonopaque 
Minerals,” U.S. Geol. Surv., Bull., No. 679 (1921); A. Johannsen, The Determination of 
the Rock Forming Minerals, John Wiley and Sons, New York City, 1908; F. E. Wright, 
“A Graphical Plot for Use in the Microscopical Determination of the Plagioclase Feld- 
spars,’ Amer. Jour. Sci., 36, 540-42 (1913). 
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and Fig. 1 give the indices of refraction for several feldspars with their 
compositions. The compositions of the intermediate members of the 
plagioclase series are given at the bottom of Fig. 1 and in the composi- 
tion column of the table in terms of the percentage amounts of the end 
members, albite and anorthite. The high-lime plagioclase feldspars are 
not included because they are not present in the commercial feld- 
spars. 

Microcline and orthoclase are similar in optical properties and com- 
position, but microcline is characterized by polysynthetic twinning in 
two directions nearly at right angles which gives the appearance of a 
fine grating when the grain is observed between crossed nicols. 

Anorthoclase (K, Na)2O-Al.03-6SiO2 resembles microcline in optical 
properties but differs from it somewhat in composition since soda is 
an essential constituent. of anorthoclase. The grating type of twinning 
is characteristic of both microcline and anorthoclase. The plagioclase 
feldspars are often polysynthetically twinned producing the appearance 
of repeated parallel banding between crossed nicols. 

Of the minerals associated with feldspars and commonly found in 
commercial samples, quartz is by far the most abundant. Its indices 
of refraction for sodium light (A=589 yup) are: 


Omega = 1.544 
Epsilon = 1.553 


Jute \ . ‘ 
The mean index of refraction (75) is about 1.547. Quartz, in con- 


trast with the feldspars, usually occurs in irregular grains and is free 
from twinning, but in maximum and minimum indices of refraction 
it is practically indistinguishable from certain plagioclase feldspars. 
Fortunately, the feldspars which quartz matches in indices of refrac- 
tion are further toward the lime end of the plagioclase series than those 
usually found in deposits of commercial value and a distinction between 
plagioclase found in commercial deposits and quartz by index of 
refraction is thus possible. 

Kaolin is often present in notable amounts. It occurs as flat plates 
which appear as fibers when turned on edge. The mean index of refrac- 
tion is about 1.564, considerably higher than quartz or the feldspars 
with which we are concerned. 

Muscovite, which is almost always present, occurs in subordinate 
amounts and is characterized by flat, platy grains. Its index of refrac- 
tion as measured on the flat plates is about 1.590. 

Other impurities, as beryl, tourmaline, etc., were present in the 
feldspar samples examined in amounts less than one per cent of the 
whole sample. Of their optical properties it is sufficient to say that the 
indices of refraction are considerably higher than those of quartz. 
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In order to furnish a standard for esti- 
mating the accuracy of the microscopic 
analyses, the data obtained by chemical 


(3) Mineralogical Compo- 
sition of the Samples 


analyses! were calculated to the mineral constituents. Since Fe2QOs;, 
TiOz, and MgO were present only in very small amounts and since 
there seemed to be no valid way of combining them with other oxides, 
they were excluded from consideration. 


IV. Methods of Calculation 


(1) The Kaolinite The percentage of water given off below 110° 
Method was subtracted from the loss on ignition to give 

the combined water. Sufficient SiO. and Al.Oy; 
were allotted to all the K.O present to give the formula K.O -Al.QO; - 
6SiO»2 (orthoclase) and, in the same way, SiO». and Al.O; were alloted 
to Na2O to give the formula Na2O -Al.O; -6SiO:2 (albite) and to CaO 
to give the formula CaO -Al.O; -2SiO» (anorthite). The sum of the 
albite and anorthite was called ‘‘plagioclase.’’ All the combined H,O 
was considered to form kaolinite (Al,O; -2SiO,2 -2H2O) and sufficient 
Al,O; and SiO» were allotted for this formula. Excess SiO» was called 
quartz. Excess Al,O; was left as such. The sum of all these constituents 
was computed to 100%. The chemical compositions are given in Table 
II and the results of the calculations in Table III. 

There are some striking differences between the mineral content as 
given by this normative calculation and the mineral content as actually 
observed. All samples except three, for instance, show free alumina by 
calculation which varies from 0.2 to 1.8% in the samples analyzed, 
while microscopic examination fails to show the presence of corundum 
(Al,O3), diaspor (Al,O; -H.O), or gibbsite (Al.O3;°3 H2O). The excess 
alumina may be accounted for in part by assuming that there are 
combinations of AleO; and SiO» with the FeezO; and MgO which were 
not taken into consideration in the calculations and, in part, by the 
single evaporation for SiO» and the single precipitation for Al,O; 
which probably gives less SiO2 and more Al2.O; than the samples actually 
contain. Analyses were made by the single evaporation and single 
precipitation method for two reasons; first, because of pressing demands 
on the chemist’s time and second, because analyses in plant laboratories 
are most frequently carried out by this method. 

Later six of the same feldspars were analyzed by more elaborate 
methods which give more accurate results. The results of these analyses 
and the mineral compositions as calculated from them are given in 
Tables IV and IVa. The method of calculation was the same as that 


1 Chemical analyses were made by V. C. Swicker, of this Bureau. 
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used for Table III, but it should be noted that in these later analyses 
loss below 110°C was not determined and, therefore, all the ignition 
loss was considered as combined water and calculated to kaolinite. 
This is obviously incorrect and may account, in part, for the fact that 
uncombined AlI,O; was not found in any of the samples. No satisfactory 
method was devised to give values for uncombined Al,O; comparable 
with the values in Table III. 

This method of calculation assumes that all the potash is present 
as potash feldspar whereas microscopic examinations show that there 
are small quantities (usually less than 2%) of muscovite mica (K,0° 
Al,0; ‘6SiO.*2H2O) in nearly all the samples. 

(2) The Muscovite In order to see whether the inclusion of muscovite 
Method in the calculation of the chemical analyses would 

remove the discrepancies, the following method 
was used. The assumption was made that no kaolin was present. 
After alumina was allotted to albite and anorthite in the proper amounts 
to satisfy the soda and lime, the remaining alumina and all the potash 
were allotted to SiO» in the proper proportions to form muscovite and 
orthoclase and to use up all the alumina and potash. Excess SiO, 
was called quartz. The results of this method of calculation are given 
in Table V. The calculated muscovite content varied from none in 
No. 18 to 14% in No. 16, the average muscovite content for all the 
samples being about 7%. Since this amount was very much greater 
than was observed microscopically, the method was abandoned. 

A calculation, the results of which closely represent the actual 
mineral composition of the samples, would have to be so made that it 
would account for both the kaolinite and the muscovite that are 
present as well as the minerals containing the iron oxides and magnesia. 
There appears, however, to be no way of formulating such a method of 
calculation and the kaolinite method was finally adopted. 

(3) Methods of Micro- Before attempting quantitative microscopic 
. . analysis, all the samples were examined for 
scopic Analysis . 
relative fineness, form of the particles, and 
the approximate indices of refraction of the constituent minerals. It 
was apparent from this preliminary examination that the material 
was very fine, few of the particles in even the coarsest sample showing a 
dimension greater than 0.08 mm and the great majority being much 
finer than this. The principal constituents (potash feldspar, plagioclase 
feldspar, and quartz) did not differ greatly from each other in grain 
size or in shape. 

Since these external properties of the grains did not afford any 
suitable differentiation between the constituents, it was evident that 
recourse must be had to their characteristic optical properties. The 
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optical properties in which the principal constituents differ are extinc- 
tion angles, optical character, double refraction, and indices of refrac- 
tion. Methods based upon extinction angles and optical character 
were discarded at once because they were time-consuming and very 
indecisive. The double refractions of quartz and feldspars are so 
similar that no attempt was made to use them as a means of differen- 
tiation, but in some of the preliminary trials double refraction was used 
to show the total number and the size of grains in a field. 

The indices of refraction seemed to give a basis for differentiation 
that would be satisfactory for quantitative analysis. If a liquid could 
be made with an index between the mean indices of any two of the 
mineral constituents in a sample, the grains having indices below the 
liquid could be distinguished from those with indices above the liquid 
and the grains in the two categories could be counted or measured. 

Various methods of measuring or counting grains were also tried. 
The camera method, which was quite satisfactory for the microscopic 
analysis of silica brick,! was of little value here because the grains were 
so minute and the method so time-consuming. The Wentworth 
micrometer? was also tried. This is an instrument which measures the 
parts of a straight line intercepted by different constituents in a micro- 
scopic field. The ratio of parts intercepted by. a single constituent to 
parts intercepted by all constituents may be considered as equivalent 
to the volume percentage of the constituent in a sample if the grains 
are unorientated and sufficient measurements have been taken. In 
a section where the constituents to be measured occupy a large per- 
centage of the total area of the field and the grain size of the con- 
stituents is fairly large (over 0.010 mm) the Wentworth micrometer is 
satisfactory, but in the microscopic preparations used in this instance 
the grains to be measured occupied only a small percentage of the area 
of the whole field. If the concentration of the grains in the immersion 
fluid was great enough to give satisfactory micrometer results, many 
of the grains overlapped and the Becke lines were obscured. 

The method finally adopted was a simple count. All the grains in the 
field were counted and classified as to whether their indices were 
above or below the index of the immersion fluid. A sufficient number of 
fields was taken to give comparable results. 

The selection of the index liquids to be used was a matter of con- 
siderable importance. The preliminary microscopic examination showed 
that the indices of the plagioclase feldspars ranged from those of 


1 Insley and Klein, ‘‘Constitution and Microstructure of Silica Brick,’’ U. S. Bur. 
Stand., Tech. Paper, No. 124, p. 9. 

2C. K. Wentworth, “An Improved Recording Micrometer for Rock Analysis, 
Jour. Geol., 31, 228-33 (1923). 
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practically pure albite (mean =1.530) to those of a plagioclase with 
the composition albite 85%, anorthite 15% (mean n=1.539). In no 
sample, apparently, did the mean index of the plagioclase reach 1.54. 
Since the lowest index of quartz is 1.544, the liquid with index 1.540 
was, therefore, selected for the differentiation of the quartz grains from 
the potash and plagioclase feldspar grains. The choice of the liquid 
to be used for distinguishing the plagioclase feldspar from the potash 
feldspar was more difficult. For the first set of analyses a liquid having 
the index of 1.530 was used although it was suspected that this probably 
would be too high. 

The method of analysis was as follows. The sample of the ground 
commercial feldspar was thoroughly mixed and a small sample was 
spread thinly on a microscope object slide. A drop of liquid having a 
refractive index of 1.540 was placed on the material, a cover glass about 
11 mm square was then put over it and carefully moved about with a 
pencil eraser in order to distribute the particles rather evenly through 
the liquid. The distribution was such that from 75 to 150 grains with a 
diameter greater than 0.005 mm could be seen in the microscope 
field. A 16 mm objective with a 15X eyepiece was used giving a magni- 
fication of about 150 diameters. A field was taken at random from one- 
half of the section and by means of the Becke line those grains with an 
index higher than the liquid were distinguished from those with an 
index lower than the liquid. Each kind was counted separately, 
omitting those grains with a diameter of less than 0.005 mm. Counting 
was facilitated by using a net micrometer disk in the eyepiece. Grains 
of muscovite-and kaolinite, although they have indices greater than 
1.540, could be distinguished from quartz grains by their platy habit; 
other mineral grains, such as tourmaline and beryl, could be distin- 
guished from quartz by their markedly higher indices. All the miscel- 
laneous minerals (kaolinite, muscovite, tourmaline, beryl, etc.) were 
grouped together. 

Three groups were thus established: the miscellaneous minerals with 
indices much higher than 1.540 or characterized by platy habit, quartz 
with indices higher than 1.540, and the feldspars (including both potash 
and plagioclase feldspar) with indices lower than 1.540. The volume 
percentage was considered to be proportional to the number of grains 
in each group on the assumption that the average size of the grains in 
each group was about the same. This appears to be approximately 
true for the grains in the feldspar and quartz groups, but the average 
size of the grains in the miscellaneous group is probably somewhat 
different from the average size in the other two groups. Since the 
number of miscellaneous grains in a field is usually very small (rarely 
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more than two or three) the resulting error in the relative quantities 
of quartz and feldspar is not significant. 

Two fields of each of three small samples were counted using the 
1.540 index liquid, thus giving six separate estimations of quartz, 
miscellaneous minerals, and total feldspars. The average of these was 
regarded as the amount of these minerals in the sample. 

The procedure as outlined was then employed with a liquid of 
index 1.530 as the immersion medium. With this liquid grains of 
potash feldspar could be distinguished from grains of plagioclase feld- 
spar, quartz, and miscellaneous minerals. As before, three preparations 
were made, two fields from each preparation were countéd, and the six 
counts thus obtained were averaged. Analysis with the liquid 1.540 
gave results in terms of miscellaneous minerals, quartz, and feldspar, 
the analysis with the liquid 1.530 in terms of potash feldspar and other 
minerals. From these two analyses percentages of potash feldspar, 
plagioclase feldspar, quartz, and miscellaneous minerals were readily 
obtained. The time required for a complete analysis as outlined 
above was not more than three hours. The results of the analysis 
of seventeen of the feldspars by this method are given in Table 
VI. 

A comparison of this table with Table III giving the mineral con- 
stituents as derived from the chemical analyses shows some striking 
differences. In all but three samples (Nos. 7, 16, and 17) the percentage 
of plagioclase feldspar by the microscopic analysis is less than by the 
chemical analysis and except for the same three samples the percentage 
of potash feldspar is greater by the microscopic method than by the 
chemical method. The comparison indicates that some of the grains 
that should be classified as plagioclase feldspar are included with the 
potash feldspar by the microscopic method and, therefore, the liquid 
used for separating potash feldspar from plagioclase feldspar has too 
high an index. Two liquids, one with a refractive index of 1.527 and 
the other with a refractive index of 1.528, were then prepared and the 
same seventeen feldspars were again analyzed, substituting the liquids 
1.527 and 1.528 for the liquid 1.530. The results for potash feldspar, 
plagioclase feldspar, and quartz are given in the columns headed d 
and c in Table VII. Results for miscellaneous minerals are not given 
since they are the same as by the 1.530 method, shown in Table VI. 
Two other feldspars not included in Table VI are given here. All 
volume percentage figures were calculated to weight percentages, 
before tabulating, by multiplying by the specific gravity of each 
constituent represented. The specific gravities used were: potash 
feldspar 2.56, plagioclase feldspar (albite 92, anorthite 8) 2.62, quartz 
2.66, miscellaneous (muscovite) 2.9. 


MICROSCOPIC ANALYSIS OF FELDSPAR 661 


Table VII has been so arranged that the percentage of each of the 
three principal constituents, potash feldspar, plagioclase feldspar, and 
quartz, found by the chemical method and the three counting methods 
are in adjacent columns. Under quartz there is an additional column, 
e, for the values of that constituent found by a modification of the 
method of Booze and Klein which will be described later. It will be 
seen from this table that as the index of the liquid used for distinguish- 
ing potash feldspar from plagioclase feldspar is lower, the amount of 
potash feldspar is less and the amount of plagioclase feldspar is greater. 
In sample No. 7 only is there less plagioclase and more potash feldspar 
with the 1.528 liquid than with the 1.530 liquid and in No. 12 only is 
there less plagioclase and more potash feldspar with the 1.527 liquid 
than with the 1.528 liquid. The table also shows that the 1.528 liquid 
gives values agreeing more closely with those obtained by the chemical 
method than either the 1.530 or the 1.527 liquid. 

A modification of the method proposed by Booze and Klein! for the 
determination of quartz in commercial feldspars was tried in order to 
get a comparison with the other methods. Samples of the nineteen 
feldspars used in this investigation were placed in alundum crucibles 
of about 2.5 cc capacity and these were fired in a small laboratory 
kiln to cone 12. Since it re- 
quired about 34 hours to reach 
the temperature at which cone 
12 went down instead of the 13 
hours recommended by Booze 
and Klein, the 15-minute soak 
advocated by them was elim- 


“N 


Specific Gravity 


24 


S % < = 2 
inated. Cross-sections of the $8 § § 


feldspars were cut with the Ab~Albite (Na,0-Al,0,: 6 SiO,) 
were made for microscopic ex- 
amination. The percentages of 
the area of the section occupied by quartz and by feldspar glass were 
measured, using the Wentworth micrometer. Since the quartz grains 
were probably evenly distributed through the feldspar glass, the areal 
percentages were assumed to be equal to volume percentages. The 
volume percentages thus obtained were reduced to weight percentages 
by the following method: the average value for the specific gravity of 
potash feldspar glass, 2.36, derived from the determinations of Deville’? 
and of Douglass? was used. The values used for the plagioclase feldspar 


Fic. 2.—Densities and compositions of the 
feldspar glasses. 


1 Jour. Amer. Ceram. Soc., 6, 698-703 (1923). 
2 Doelter, Handbuch der Mineralchemie, II, Pt. 2, 533 (1915). 
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glasses (see Fig. 2) were those of Larsen.' For a particular sample the 
specific gravity of the plagioclase portion of the glass was obtained from 
Fig. 2 after the composition of the plagioclase had been determined 
from Table III. The ratios of potash feldspar to plagioclase feldspar 
given in Table III were used to calculate the amounts of the corre- 
sponding glasses (potash feldspar glass and plagioclase feldspar glass) 
in the total glass and these figures were multiplied by the specific 
gravities. The volume percentage of quartz was multiplied by its 
specific gravity, 2.66, and the products reduced to a percentage basis. 
The results for quartz are given in column e of Table VII. 


c 
a 
| 
\ Calculated from Chemical Analysis 
Microscopic Analysis - Index Liquid 1.530 |__| 
” ” 4528 | 
fa) 4 


Number of Samples 


Fic. 3.—Amount of potash feldspar in commercial samples as obtained by different 
analytical methods. 


The value for No. 6 obtained by this method is much higher than 
by any of the other methods. This feldspar is high in K,O and a 
microscopic examination of the fused specimen shows many grains of 
unmelted feldspar still present. These unmelted feldspar grains were 
undoubtedly included with the quartz in the microscopic analysis. 
Sample No. 7 was unusually high in plagioclase feldspar. A microscopic 
examination of the fused specimen showed quite distinctly that the 
corners and edges of the quartz grains were rounded by solution 
although the percentage of quartz by this method was not lower than 
by the other methods. 

, When comparing the various microscopic methods 
of feldspar analysis outlined in this paper, it must 
of Methods 
be remembered that the standard of accuracy is 
mineral composition obtained by calculation from the chemical analysis. 


1 Amer. Jour. Sci., [4], 28, 270 (1909). 
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The method of calculation has defects which can not be avoided and 
consequently the standard of composition itself is somewhat in error. 
The method of calculation from chemical analysis is probably, however, 
more accurate than the microscopic methods which are compared with it. 

A study of Table VII and Fig. 3 indicates that, of the three counting 
methods tried, the one using the index liquid 1.528 for the separation 
of potash feldspar and plagioclase feldspar gives results that approach 
closer to those obtained by the chemical method than either of the other 
two. Itis also evident that a slight change in the index liquid used in the 
separation of potash and plagioclase feldspar gives very different results. 

The estimation of quartz by the modified method of Booze and Klein 
agrees fairly well with those obtained from chemical analysis although 
agreement is not quite as close as in the case of the counting method. 

Analysis of results shows that the maximum difference, in terms of 
percentage of the whole sample, between the 1.528 method and the 
chemical method for any one constituent is: 16.7 for potash feldspar, 
5.3 for quartz, and 14.7 for plagioclase feldspar. The average difference 
between the 1.528 method and the chemical method for any one 
constituent is, of course, much smaller. For potash feldspar it is 6.3, 
for plagioclase feldspar 6.6, and for quartz 2.0. The average percentage 
divergence of the 1.528 method from the chemical method (obtained by 
dividing the difference between values by the 1.528 and the chemical 
methods by the values for the chemical method) is 14% for potash 
feldspar, 23% for plagioclase feldspar, and 25% for quartz. On com- 
paring the modified method of Booze and Klein with the chemical 
method it is found that there is an average difference of 2.9 and an 
average percentage divergence of Booze and Klein’s from the chemical 
method of 27%. 

Both the counting method and the modified method of Booze and 
Klein give results which are only approximate, but which are probably 
satisfactory for plant control in most of the ceramic and allied industries. 
It must be admitted that the counting method is not suitable for use 
by those who are unfamiliar with the microscope and with microscopic 
methods for the determination of index of refraction of transparent 
solids. For plant control where it is only necessary to determine 
approximately the amount of quartz present, the method described by 
Booze and Klein! is satisfactory even in the hands of technologists 
inexperienced with the microscope. 


V. Summary 
The purpose of this investigation has been to develop, if possible, 
a rapid microscopic method for estimating the amounts of the principal 


1 Jour. Amer. Ceram. Soc., 6, 698-706 (1923). 
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constituents in samples of ground commercial feldspar. The pre- 
liminary microscopic examination showed the principal constituents 
to be potash feldspar, plagioclase feldspar, and quartz. After con- 
siderable experimentation with different methods a suitable method 
based on the separation of the mineral constituents by their indices of 
refraction and estimation of the volume percentages by counting of the 
grains was developed. The method which gave values in closest agree- 
ment with the values for mineral constituents as calculated from the 
chemical analysis involved the use of a liquid of index of refraction 
1.540 for distinguishing quartz from the feldspars and a liquid of index 
1.528 for distinguishing potash feldspar from plagioclase feldspar. 
A modification of the microscopic method devised by Booze and Klein 
for the estimation of quartz in ground commercial feldspar samples 
gave figures in fair agreement with those of the counting method and 
of chemical analysis. 

Neither the counting method nor the modified method of Booze and 
Klein is as accurate as chemical analysis and should not be substituted 
for chemical analysis except in cases where a saving of time is necessary. 
The time required for the analysis of a sample by the counting method 
is not more than three hours. While the method of counting gives 
results in terms of potash feldspar, plagioclase (soda-lime) feldspar, and 
quartz, it probably will not give reliable results when used by one 
unfamiliar with the microscope or with microscopic methods of the 
determination of index of refraction. The method of Booze and Klein 
gives values for quartz only, but can be used by those unfamiliar with 
microscopic methods. 
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TABLE I. (See Fig. 1.) 


THE COMPOSITION AND INDICES OF REFRACTION OF THE POTASH AND 
H1GuH-Sopa-PLAGIOCLASE FELDSPARS 


Indices of Refraction Mean index 
Feldspar - Composition B 

Orthoclase - Al,O3 - 6SiO2 1.518! 1.524 1.526 1.523 
Microcline K,0 - Al,O3 - 6SiO-2 1.522? 1.526 1.530 1.526 
Anorthoclase (K,Na),O - Al,O; - 6SiO, 1.5231 1.528 
Albite (Ab) Al,O; - 6SiO- 1.525? 14629. 1.8% 1.530 
Anorthite (An) CaO - Al,O;- 2SiO: 1.576 1.583 1.588 1.582 
Albite—oligoclase Abso— Anjo 1.532 1.536 1.5841 1.536 
Oligoclase—andesine Abzo— Ango 1.545 1.569. 1.552 3.500 
Andesine Abgo— Ango 1.550 1.553 1.557 2.553 


1 Indices of refraction as given by Larsen, U. S. Geol. Surv., Bull., No. 679(1921). 
2 Indices of refraction for the plagioclase feldspars as given by Wright, Amer. Jour. 
Sci., [4[, 36, 540-42 (1913). 
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TABLE IV 


CHEMICAL COMPOSITIONS OF SIX COMMERCIAL FELDSPARS! 
(Analysis by R. B. Rudy) 
No. Ignition loss SiOs F TiOs AlsOs CaO MgO NaO Tota 
0.65 67.82 0.06 <0.03 18.02 
0.40 65.28 0.05 <0.03 .18.95 


1 0.78 0.06 3.40 9.03 99.82 
3 0.20 0.03 2.13 13.16 100.20 
4 0.70 72.14 0.08 0.03 15.07 0.64 0.38 3.43 7.64 100.11 
7 0.64 67.68 0.18 0.05 19.57 0.50 0.20 10.01 0.95 99.78 

12 0 

18 0 


0.48 65.58 0.08 <0.03 18.92 30 0.02 2.77 12.38 100.53 
0.51 73.90 0.05 <0.03 14.97 0.74 0.20 5.66 4.31 100.34 


1 Obtained by more reliable methods than those referred to in Table II. 


TABLE [Va 


MINERAL COMPOSITIONS OF SIX FELDSPARS CALCULATED FROM 
CHEMICAL COMPOSITIONS GIVEN IN TABLE IV 


No. Potash feldspar Plagioclase Quartz Kaolinite Cnegepieet 
oO 

1 53.6 32.9 10.4 3.3 None 

3 77.8 18.9 

4 45.5 32.3 21.9 0.3 

7 5.6 87.7 3.6 
12 25.0 0.8 1.0 
18 25.7 50.8 23.5 None 


i 
. 
« 
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TABLE V 


MINERAL COMPOSITION OF COMMERCIAL FELDSPARS CALCULATED FROM 
CHEMICAL COMPOSITION (ON THE MuSCOVITE Basis). 


(All totals reduced to 100%) 


Potash Plagioclase 
No feldspar feldspar Muscovite Quartz 
1 47.9 32.5 7.6 12.0 
2 54.1 28.0 8.3 9.6 
3 72.4 18.7 6.1 2.8 
4 38.7 33.8 4.6 22.9 
S 27.9 34.6 13.7 23.8 
6 62.7 12.0 14.6 10.7 
7 88.3 5.4 4.1 
8 40.2 31.9 6.2 an.e 
9 57.8 22.4 6.1 oy 
10 55.0 13.8 
11 22.1 52.2 12.4 23.3 
12 68.6 23.5 5.3 2.6 
13 32.9 7.6 12.8 
14 50.3 31.2 5.4 3,1 
15 52.8 29.3 Fe 12.6 
16 40.2 26.6 6.8 26.4 
17 45.5 35.2 6.2 33.1 
18 26.3 53.5 None 
19 51.9 28.3 18.3 


TABLE VI 


Microscopic ANALYSIS OF COMMERCIAL FELDSPARS: COUNT METHOD 
(Weight per cent. Indices of liquids, 1.540 and 1.530) 


Potash  Plagioclase 


No. _ feldspar feldspar Quartz Miscellaneous Remarks 
1 63.8 18.6 14.2 3.4 Muscovite and very little calcite present 
2 83.0 11.9 3.9 Lz Muscovite present 
3 95 .6 3.2 0.8 0.4 Muscovite present, sample finely ground 
4 52.8 i Oe 21.8 2.4 Muscovite and some calcite present 
5 43.9 28.9 24.1 3.4 Muscovite, biotite and hornblende (?) 
present, feldspars altered 
6 87.9 8.2 +S 0.4 A little muscovite present 
7 1.9 94.3 1.9 1.4 A little muscovite or talc and possibly 
hornblende present 
8 46.4 29.6 21.7 2.3 Muscovite and a little biotite present 
9 76.7 10.9 11.6 0.8 A little muscovite present 
10 70.0 18.5 10.0 5 Anorthoclasefeldspar present (?) Muscovite 
present 
11 60.6 31.8 6.1 3 Anorthoclase feldspar present(?) Muscovite ‘ 
fluorite, and opaque iron minerals present 
12 91.7 5.2 2.3 0.8 A high-grade, rather pure potash feld- 
spar; a little muscovite present 
13 73.8 11.9 12.0 Z.a Muscovite and possibly pyrite present A 
14 63.7 23.5 11.6 ®. Muscovite present 
15 67.5 20.5 11.6 0.4 
16 36.7 34.7 26.7 1.9 
17 49.4 35.3 12.6 27 
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MEASUREMENT OF PLASTICITY! 
By T. W. TALWALKAR AND C. W. PARMELEE 


ABSTRACT 
The object of this investigation was to devise a rational method and primary standard 
for measuring plasticity. Various methods suggested in the past were critically examined 
and. found wanting. An apparatus was developed to measure the stress-strain relations 
of clays in shear and a few typical clays have been examined by this method. A definition 
is proposed for the unit of plasticity as follows: 


Total deformation at fracture in shear 


Index of plasticity = 
Average stress beyond proportional limit 


The effect of addition of sand and powdered graphite has been noted and throws some 
light on the nature of plastic deformation. 


I. Introduction 


Plasticity is one of the most important qualities of ceramic materials, 
yet it has been investigated with comparatively little success. The 
attention thus far given has been divided between the studies of the 
nature of plasticity and the causes of plasticity, the latter having 
received more than its due share. For, logically, the nature of plasticity 
must be understood fully first before any theories can be formulated 
as to its causes. As soon as the nature of plasticity is known, a measure 
for it can be set up and then by testing out which element increases 
plasticity and which decreases it, sound theories may be advanced as to 
the causes of plasticity. 

Primarily then it is necessary to study the nature of plasticity and 
formulate a measure for it. 

Plasticity in short is the property of being moldable or possessing the 
possibility of changing form under pressure, which form is retained when 
the pressure is relieved. Metals and other materials are also described 
as being plastic to a certain extent because they deform under pressure 
and hold their new shape when the pressure is removed. However, they 
lack the ability, under ordinary conditions, to reunite when they are 
broken apart. The ability to reunite is an essential property in 
molding. 

In the case of clays, the moldability is due not to dry clay alone, 
but to clay-water mixture, the character of deformation being depen- 
dent on the clay and also on the amount of water used. By plasticity 


1 This paper is based on the thesis submitted by T. W. Talwalkar for the degree of 
B.S. in Ceramic Engineering. Presented before the AMERICAN CERAMIC SOCIETY, 
Detroit, Mich., February, 1927. (Terra Cotta Division.) Received May 27, 1927. 
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of a clay we refer to its maximum or potential workability and not to 
any standard water content. 

A more complete analysis of plasticity is hard to give, and no two 
persons seem to agree on the subject. Thus, F. F. Grout! has analyzed 
it into two components, (a) resistance to deformation, and (b) amount 
of deformation before rupture (in compression). Zschokke*® adds to 
this a third factor, the stickiness or adhesiveness. It has also been 
analyzed into two factors, (a) internal friction, and (+) cohesion, by 
J. W. Mellor.* 

A. S. Watts‘ thinks plasticity is the combined effect of (a) stickiness 
and (0) oiliness of clays. None of these analyses takes into account the 
characteristic ability to hold the shape after the pressure is re- 
moved. 

The following report describes some work done to determine the 
pressure-deformation relations of clays. No direct method could be 
devised to measure the adhesiveness or ability to reunite, but it seems 
possible to obtain some idea about it from the stress-strain diagram 
itself. 

Relations of stress to strain were studied in compression and in shear 
of different clays, clay-sand mixtures, and clay and graphite mixtures, 
with various proportions of water content. These results have been 
interpreted and the interpretations have been verified in a qualitative 
manner. This work throws much light on the nature of plastic flow. 


II. Historical 


The various methods that have been proposed in the past to measure 
plasticity may be divided into two groups, 7.¢., (1) indirect, and (2) 
direct. 


The Indirect Method 


The indirect methods have been given much prominence in the past, 
such as the strength in the dry state and the dye adsorption test. The 
dry-strength test measures bonding strength and has obviously little 
significance as a measure for plasticity. The dye adsorption test is 
likewise not a measure of plasticity. 

W. G. France® has made some ultra-microscopic motion picture 
studies of the relation of colloids to plasticity and while it is true that 


1F. F. Grout, West Virginia Geol. Surv., 3, 40 (1905). 

? Zschokke: Ries, Occurrence, Properties and Uses of Clays, 2nd Ed.,pp.119 and 131. 

3 J. W. Mellor, Trans. Ceram. Soc. (Eng.), 21, 91 (1921). 

‘A. S. Watts, Lectures’ delivered at Short Course at the University of Illinois, 
January 1926 (not published). 

5 W. G. France, Jour. Amer. Ceram. Soc., 9 [2], 67 (1926). 
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the plastic clays show characteristic differences from nonplastics, yet 
the method is only qualitative and even then the conclusions arrived 
at may not be accepted without reservations. 

The most important of the indirect methods 
is that proposed by Bingham and Green! and 
Hall? and needs to be carefully examined. 

Bingham investigated the laws of flow of 
colloids and suspensions and in the course of 
it he observed that tke colloids and suspen- 
sions do not obey the law of viscous flow, 
C namely, dv=Fdr, but that their fluidity- 
Shearing Stress _ pressure relations may be expressed as dv= 

u(F—f)dr, where is a constant called coefh- 
stress-strain relation dia- Cient of mobility. (Fig. 1.) Any composition 
gram fora plastic fluid. which obeys this law, he calls plastic. Thus 

paints, varnishes, etc., are called plastic or 
are in a plastic state. 

This property of suspensions that Bingham discovered may be very 
interesting, but it seems that he should have given it some new name 
instead of using the word “‘plasticity,’’ which is entirely a different 
thing and has an established meaning of its own. The new meaning 
attached to the word causes more confusion and rather unnecessarily so. 

Plasticity involves, according to established meaning, possibility 
of being molded, which form it will retain at the consistency at which 
it is made. Thus the lower limit in the case of clays cannot be far above 
45% water content (dry weight basis). The consistency necessary 
for the modified Bingham’s plastometer is too fluid. It may turn 
out that the plasticity index determined by the use of modified Bing- 
ham’s method, using fluid consistency, may have a linear relation to 
true plasticity, but until such is proved, the plastometer in its present 
form cannot be said to measure plasticity at all. It simply gives certain 
information which may be valuable in connection with casting pro- 
cesses. 

The stress-strain curves for any material in solid state either in shear, 
compression, or tension, may be divided into two parts, viz., (a) to the 
proportional limit and (b) beyond. The fact that Bingham’s pressure- 
mobility curve has also the same general feature is very interesting. It 
shows that solid phase in suspension still acts as a solid. As the con- 
centration of solid matter decreases, he has shown that the yield-point, 
which corresponds to proportional limit, decreases also. Bingham’s 


© Volume of Flow 


! Bingham and Green, Proc. A.S.T.M., 19, 641(1919). 
2F. P. Hall, Jour. Amer. Ceram. Soc., 6, 989 (1923). 
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discovery may therefore be restated thus: The stress-strain relations 
of solid liquid mixtures are similar to those of solids and the limit of 
proportionality varies directly as the solid-phase, or inversely as_ the 
liquid content. 

This theory has 
been proved at lower 
consistencies, but 
within the range re- 
quired for this work 
it has not heretofore 
been proved. This 
work proves it as will 
be shown later. VISCOSE AT 56+ % HUMIDITY 

Bingham’s theory Percent Elongation 
is supported by ob- 
servations of F. F. 
Grout, and is also established in the case of viscose by the work of 
S. E. Sheppard and E. K. Carver.'! Figure 2 is after this work.? 
Bancroft’s Method In his latest contribution on the subject, Ban- 

croft* (with Jenks) showed that by adding humus 
to china clay it could be made more plastic than ball clays, and at the 
same time they failed to find any trace of humus in ball clays. This 
rather surprising discovery is based on a novel method of measuring; 
namely, by making cubes of plastic clay, and then noting the time it 
takes to slake them in water. They think that although the method is 
indirect, it is a good approximation. Until its linear relation to true 
plasticity measure is established, such a method cannot be accepted 
without reservation. 


Atterberg’s Method 


DRY VISCOSE 


NORMAL VISCOSE 


VISCOSE AT HUMIDITY 


Pressure 


| VISCOSE AT 35% HUMIDITY 


VISCOSE AT 56 Y HUMIDITY + 


Fic. 2.—Stress-strain diagram of viscose (in tension). 


Atterberg* suggested a method for obtaining a 
numerical value for plasticity of clays. It is 
based on the assumption that the difference between the amounts of 
water required to make the clays sticky and to make them just wet 
enough to be rolled, is a function of plasticity. 
A. S. Watts m& & Watts attempted | to measure plasticity® by 
measuring the surface tension of slips with a loop of wire. 
Surface tension undoubtedly plays an important réle. Stickiness 
may probably be measured by means of surface tension determina- 


1S. E. Sheppard and E. K. Carver, Jour. Phys. Chem., 29, 1215 (1925). 
2 “Symposiun on Plasticity,”” Jour. Phys. Chem. (1925). 

3 W. D. Bancroft and L. E. Jenks, Jour. Phys. Chem. (1925). 

* Atterberg, Trans. Amer. Ceram. Soc. 16, 472 (1914). 

5 Trans. Amer, Ceram. Soc., 16, 484 (1914). 
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tions, but the surface tension of slips may very likely be quite different 
from that of the clay mass pugged and ready to be molded. 


The Direct Methods 


The direct methods have far greater value than indirect ones. They 
involve measuring the strains produced by given stresses at molding 
consistency. 

The stress-strain relations may be determined in tension, compres- 

sion, or shear, 
Ball bearings or combined 


5 — tension and 
pring - ension OF COMpression -., Me 
: . pression and 
| pulley shear. The one 
“--4+--- 6 disk - graduated in degrees | . 
SCTEW “Nut for screw 
tions is un- 
(> doubtedly the 
x 
Vif: best one. In 
Ends I’Square molding, the 
TEST SPECIMEN stresses evi- 
Fic. 3.—Plasticity machine—drawing. dently are in 


shear or in com- 
pression and not in tension. However, stress-strain relations in tension 
are usually very similar to those in compression or shear and hence the 
tension test is also useful. 

F. F. Grout has made a rather extensive study in compression. 
Zschokke has made studies in tension. Both of them agree that studies 
in torsion would be more direct, but they could not devise a satisfactory 
method to test in shear and hence followed other lines. 

Both of these methods are very important and hence may be ex- 
amined at length. 

Plasticity is a complex properly involving (a) resist- 

ance to deformation, and (6) amount of deformation 
at the point of failure. Plasticity varies directly as the two, according 
to Grout, and hence may be expressed as their product. 

Resistance to deformation is that force which will compress a cylinder 
5 cm long and 2 cm in diameter, } cm or 10%. The amount of deforma- 
tion is the distance in centimeters through which the cylinder head 
will travel until a fracture occurs at 45° to horizontal. 


¢ 
‘ie 
We. 


MEASUREMENT OF PLASTICITY 675 


As the water content increases, Grout has shown that the resist- 

ance to deformation decreases almost proportionately, and the total 
deformation increases in the same manner. 
Taking the product of the two, for each clay ae 
there is a certain water content which gives ak (POS 
maximum plasticity. This water content varies 
from 10 to 25%, averaging 18%. 

This method is quite empirical and involves 
several assumptions, some of which are not 
correct. The objections to Grout’s method are: 

(1) ‘The resistance to deformation’’ approximates the proportional 
limit, but is not exactly this limit. Grout does not give his reason for 
this arbitrary definition and while the method is simple, it is hard to 
see how it can be exact. 

(2) The total deformation is measured at that point where failure 
occurs in shear (at 45° to horizontal). This point is not so very definite 
and introduces an uncertain element. 

(3) Since one of the factors is force and the other travel, their product 
represents the work done. The product obtained by Grout’s method is 
probably a second degree approximation of the true work done. This 

will be particularly 


Fic. 4.—Molds for 
making the speci- 
mens. 


clays. To obtain the 
| true work done, the 
T TENNESSEE BALL NO.? 
} pijij jjjijiji i stress-strain diagram 
ih 200 TAT T be measured 
00 —_+—+— 
: | T points on the curve 
| would be necessary. 
° ° 20 30 40 50 60 70 eo 90 
; Strain (4) The water con- 


tent which gives 
maximum plasticity 
index may not be 
necessarily the same as the water content in the working consistency. 
Grout finds 18% as the best water content, but this amount is by far 
too low a water content. It usually averages about 30 to 40% or 
over. 


Fic. 5.—Torsion test of china clay and ball clay at 
approximately same water content. 


(5) The size of the specimen is too small to insure accurate results. 
J. W. Mellor and G. E. Stringer have substituted a spherical 
ball for a cylinder. This introduces many uncertainties and it is 
not possible to compute the mechanical stresses in simple units; for 
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similar reasons that method has little value even as a means of com- 
parison. Cylindrical is the best shape to use and 5 inches di- 
ameter by 6 to 8 


400 
waren oF PLASTICITY _| |_| | inches in height may 
30 b 
| | e suggested as the 
35% WATER OF PLASTICITY | 
+ + + + t proper size. 
200 (6) The matter of 
4 | 40 % WATER OF PLASTICITY 
aging theclay is given 
/00+ + + + + 
oe very little attention. 
“ i Although there is no 
10 20 30 4o 50 60 70 80 90 


Strain definite ‘data avail- 
able today on the 
point, still it seems 
that at least 24 hours 
storage in a damp place is essential to equalize the water content. 

(7) Since air within the clay mass may affect plasticity of the mix, 
when assigning any plasticity numbers to a clay, the specimen should 
be air-evacuated. 

(8) Grout ground the clay to pass 40-mesh sieve. Since most pottery 
clays are much finer than that, in order to get a fair comparison, all 
clays should be ground to pass at least 100-mesh. The coarseness of 
the grind and the time needed for storage in a damp place may be 
closely related to each other. 

(9) Grout finished a single test in 3 to 5 seconds. This is too slow, 
if it is supposed to approach 
closely the actual working con- 
ditions, and altogether too fast 


Fic. 6.—Effect of variation of water content 
on stress-strain relation in torsion. 


400 


300 
if it is desired to get the true or 0 
equilibrium stress-strain rela- ¥ 200 
tions. After loading a speci- & 
men one must wait until the 100}— 
piece does not deform any 
further under that load. °0 20 40 60.80 100 120 


Strain 


Fic. 7.—Effect of the addition of 
standard sand. 


Compression studies on the 
whole have only a _ limited 
value. Excessively elastic ma- 
terials, such as art gum or rubber, or loose materials such as cotton, 
or strong materials such as steel, will all give high figures for the product 
of stress and strain, but they are not plastic. There seems to be some- 
thing fundamentally wrong about taking the product as a measure of 
plasticity. 

Zschokke has favored the tension tests. He tried compres- 
Zschokke 


sion tests but thinks they are futile. (It may be noted that 


— 
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Grout rejected tension tests on the same ground.) He studied stress- 
strain relations in tension, and also multiplied the strength in tension 
by the deformation, 


thus getting the work r 

has the same objec- 90% 

200 ENGLISH 10 fo T T 
tions as for Grout’s | 
method, but in addi- § PER 
tion, tension does not MBAS 4 
seem to playany part ‘ | 

20 30 40 50 60 70 80 
in plastic molding. Strain 


In molding, the Fic. 8.—Effect of the addition of graphite, a lubricant. 
stresses are either in 
compression or in shear, hardly ever in tension (except in drying), and 
hence the method is out of place. It is true that in making pyrometer 
tubes, straight bars, etc., using a piston press, if the plastic clay does 
not have sufficient tensile strength, it would be hard to make long bars 
or tubes, but insofar as the forming of the tube is concerned, the stresses 
are in shear and not in tension. Undoubtedly tensional stresses of a 
small degree are set up in all cases, but they are by no means the major 
forces. 
ws. Ackermann! found that if a disk is placed on 
Method clay and pressure is applied gradually, the disk 
begins to sink but as soon as a certain critical 
pressure is reached, the disk begins to sink at ten times its previous rate. 
The critical pressure corre- 
eve?) sponds to the proportional limit 
of the ordinary stress-strain dia- 
— yt gram, or Bingham’s yield point 
or Grout’s resistance to deforma- 
tion. This seems to be a simple 
method but its drawback is that 
the point at which the clay bar 


Fic. 9a. Fic. 9b. 


Hypothetical arrangement of coarse 
particles and colloids in a plastic clay- 
water mixture. 


would fail is not determined. 
Tests have been made before by various in- 
vestigators where the clay was forced through 
an auger machine and the length of the beam 
which could support its own weight was regarded as an index of 
plasticity. 

The auger machine is not a very convenient system as a means to 
estimate plasticity. There are too many other items, such as friction, 


Cantilever and Other 
Beam Methods 


'A.S. E. Ackermann, Trans. Ceram. Soc. (Eng.) (1910); Chemistry and Physics of 
Ceramic Materials, Searle, p. 126. 


| 

t 


678 TALWALKAR AND PARMELEE 


polished surfaces, etc., which enter into the problem and make the 
determination valueless. 

Thus, the various methods proposed in the past to determine the 
plasticity of clays are all found unsatisfactory. The opinion that 
torsion-test would be the proper method seemed to be generally 
recognized and hence it was decided to develop such an apparatus. 
Grout’s work formed an excellent guide after the apparatus was 
developed. 


III. Experimental Work 


The experimental work consisted of devising a satisfactory method 
to determine the stress-strain relations, and applying the method to 
different clays with varying percentages of water content, and mixtures 
of clay with other materials. 

Certain preliminary studies of methods which gave negative results 
may be briefly mentioned here. 

(1) An attempt was made to determine the 
resistance offered by clays to the passing of 
wires of different metals through a clay bar 
of a given thickness, much in the same 

Time manner as a brick cutting table. After much 
trouble the method was given ‘up because 
it did not give definite results. 

(2) An attempt was made to obtain data 
on compression. A simple dead-load apparatus was built up but 
finally abandoned in favor of a hand-operated Tinus Olsen machine. 
The machine was extremely sensitive for the purpose and proved very 
satisfactory from the standpoint of making the test, except for one 
defect, and that was that the point of failure was not very definite. 

Tests in compression were undertaken to follow Grout’s line of 
investigation. The first attempt was to duplicate his method in all its 
details, but that seemed to be quite unsatisfactory. The size of the 
specimen (5 cm by 2 cm diameter) was too small to get any accurate 
results. The specimens prepared for testing in the Tinus Olsen machine 
were 5 inches in diameter and 6 inches long, and were made in a screw 
press, which was an adaptation of a wad-clay machine. 

The results obtained were identical in character to those obtained by 
the use of the torsion machine. Since the torsion test is the more logical 
of the two, compression tests were given up after their similarity to 
torsion tests was well established. This test takes about one hour for 
each specimen, while torsion tests may be performed with equal 
accuracy in one-half that time or less. 


Deformation 


Fic. 10.—A typical time 
deformation curve. 


sis 
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A torsion machine was designed much on the same order 
as those used in steel testing work. It was found later 
that the design could be much simplified, and at the 
same time made more efficient. Figure 3 shows the machine in its final 
shape. On this machine, stress-strain relation can be determined in 
shear, or combined shear and compression, or combined shear and 
tension. The main purpose of the spring on the right end is to make sure 
that there is no end thrust on the specimen under test and only inci- 
dentally can it be used to produce an end thrust or pull. 

The whole machine, except the part on the extreme left, is surrounded 
with a wet cloth during the test in order to prevent drying. 

The task of developing the machine to this stage was by no means 
simple; likewise the development of a satisfactory method of preparing 
the test specimen offered many difficulties. 

The proper length and the proper diameter of the pieces had to be 
determined by cut-and-try process. Diameters of 1? inches, 1} inches, 
1 inch, and ¢ inch were tried and finally the 1-inch diameter was 
adopted as the convenient size. It seems now that the 14-inch diameter 
would have been a slightly better size. Various lengths from 10 to 
2 inches were tried and finally 4 inches was adopted as a convenient 
size. 


The Torsion 
Machine 


The specimens were prepared in plaster molds, shown in Fig. 4. 

The mold is open from ends, and is not of the squeeze mold type which 
is sure to produce central laminations. The specimen is pressed from 
the ends. 
Five hundred grams of sample clay were taken, mixed 
with a known amount of water, wedged thoroughly 
and then stored in a damp place for 24 hours. A 1-inch 
square bar was then cut from the mass and the edges trimmed with a 
sharp knife to make it approximately octagonal in shape. It was then 
pressed with the hand and rolled on a plane surface to make it approxi- 
mately 1 inch in diameter. The molds were thoroughly wetted first, 
and then the rolled clay introduced in one part of the mold, and the 
other part laid on top in its place. The two parts were then tightly 
clamped together. The clay was tamped from the ends with a wooden 
piece of the same diameter, and then taken out and carefully put in its 
place in the machine. Preferably three bars should be made from each 
sample, but the variation from specimen to specimen was very small 
and hence only two were used. 


Preparation of 
Specimen 


The stress and the strain can be computed to the common basis of 
pounds per square inch of original area of cross-section and deformation 
in inches per inch by the following formula: 
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where J 
T =force X moment arm =(wt on pan =w)X radius of pulley 
C=distance from center to extreme fiber 
=radius of specimen 
(wd*) 


J =polar moment of inertia =— 


32 
S, =stress per unit area (in shear) 


The above equation can be rewritten as 
S,=KxXw 


since all test specimens are of the same dimensions; and 


é.=— 
l 
where e, = deformation in units per unit in shear 


l1=length of test piece 
c =radius of specimen 
@=angular deformation in radians 


Since c and / are the same for all specimens by procedure, the above 

can be written as 

e.=k’6° 
The above formulas are strictly true only as long as the stresses do not 
exceed the proportional limit. But for all practical purposes these 
formulas can be used, keeping in mind that one of the fundamental 
assumptions made in their derivation has been violated. 

For simplicity the load on the pan can be directly plotted against 
deformation in degrees and this plan has been followed in the graphs 
given herewith. 

The following series of tests were made: 
(1) English china (H&G A1) and Tennessee ball clay No. 
5, with equal percentages of water content. 


The Field 


(2). Same clays as before, with varying percentages of water content 
each. 
(3) Tennessee ball clay with varying percentages of standard sand 


(16—20-mesh) and of approximately the same consistency. ‘ 
(4) English ball and English china clay with 10% powdered graphite 
and the same water content. ‘ 


H&G Al English china clay, Tennessee ball clay 
No. 5, and standard sand were used as received. The 
water content was determined on the broken samples by drying at 
110°C. The graphite used was from stock and its origin or brand was 
not known. That series had therefore only qualitative value. 


Materials Used 


TC 
S,=— 
— 
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IV. Results: 


The data obtained are shown in Figs. 5 to 8. The results may be 
summarized as follows: 

(1) The general nature of the relation of stress to strain in compres- 
sion and in shear is the same. However, shear test is the better of the 
two, because in plastic molding the clay is under shearing stresses. 

(2) In shear: there is a certain limit for all clays tested, to which the 
strain is proportional to stress, but beyond this point, which is called 
the proportional limit, the deformation rate is much higher. 

(3) The limit of proportionality is not the same as the limit of 
elasticity. The elastic limit seems to be much lower and was not 
determined in these tests. 

(4) The elasticity has been observed at several points and it seems 
to be rather small in amount and approximately constant under varying 
load (Fig. 7). 

(5) With the same water content, a decidedly nonplastic clay such 
as English china, shows a clear con- 
trast with a decidedly plastic clay 
such as Tennessee ball clay. The 
former has a higher limit of propor- 
tionality and the total deformation 
is very small, while with the latter 
the limit of proportionality is lower, 
the deformation at the limit of pro- 


portionality is greater, and the total “ 2 
deformation at point of failure is a 
several times that of the short clays nk 80 20s at the 


(Fig. 5). rebuilt machine. 

(6) With any clay the addition of 
water increases the rate of deformation beyond the proportional limit 
and also slightly lowers the limit of proportionality. The total deforma- 
tion at point of failure is also increased (Fig. 6). 

(7) For each clay the amount of water content which would give 
best workability differs, and this amount must be definitely determined 
for specific purposes. Thus it is very hard to compare one clay with 
another as to plasticity. 

(8) Addition of sand: (a) The minimum amount of clay required 
to give a bond of any appreciable extent is about 20% by weight or 
40% by volume. The actual void space between sand grains is just a 
trifle less than this amount. At this point the mixture begins to gain 
rapidly in workability until the clay content reaches 45% or so by 
weight, beyond which the total deformation does not increase any more, 
but the limit of proportionality increases. Looking from another 
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viewpoint, addition of sand to clay (or for that matter, grog, etc.) does 
not decrease the total amount of deformation which the clay alone will 
give, yet it decreases the pressure required to produce it; (b) the work 
done under the auspices of the American Foundrymen’s Association also 
confirms these results.' 

(9) Effect of addition of graphite: A qualitative test showed that 
addition of graphite to a nonplastic clay increases the rate of deforma- 
tion beyond proportional limit, and increases the total deformation 
slightly without affecting the proportional limit itself. It may be 
inferred that any lubricant which is not sticky will give similar results. 
This means that the portion of stress-strain diagram beyond pro- 
portional limit is an expression of the lubricant value of the clay, or 
at least a function of it. 


250 
= % Lt = 
[440 FLORIDA KAOLIN 
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0 
0 = 4 
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e | | > To 4/6 
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Two Days | 
first Run (0°) Second Run (e) 


120 200 240 250 220 360 
Angle of Defiection in Degrees 


Fic. 12.—Some data obtained on different clays with the new machine. 


V. Discussion of Results 
These observations agree very well with Grout’s observations, and 
also with Ackermann,? Chas. Terzaghi,? P. G. Nutting‘ and others. 
The results will help to establish Bingham’s law regarding flow of 
solid-liquid mixtures. 
1 Penn. Geol. Surv., XXXII, Pt. 2, “Molding Sands.” 


2 Loc. cit. 
3 Chas. Terzaghi, Principles of Soil Mechanics, Eng. News-Rec., 1925-26, printed in 


book form. 
4P. G. Nutting, “A Study of Elastic Viscous Deformation,” Proc. A.S.T.M. 21, 


1162 (1921). 
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Bancroft’s observations that the addition of humus increases plas- 
ticity may be explained in a certain way, by assuming that humus 
probably acts similar to graphite, 7.e., as a lubricant. 

These results support Professor Watts’ theory that plasticity is the 
combined effect of stickiness and oiliness. The stress-strain diagrams 
may be explained in the above light. That part up to the proportional 
limit probably expresses stickiness, and that beyond may express 
oiliness. 

It may be assumed that the coarse particles and colloids are arranged 
in any irregular manner as shown in the Fig. 9a. When pressure is 
applied the colloidal content and the coarse particles will line up as 
shown in Fig. 96. When this situation occurs the deformation rate 
will suddenly begin to increase tremendously. The pressure required 
to cause this change may probably be the proportionality limit. 

One application of this theory may be found in the die laminations 
in an auger machine. If the pressure in the center of the die exceeds 
the proportionality limit and that near the walls of the die is less than 
proportionality limit, then serious laminations must occur. 

The addition of sand affected only the first part of the curve and the 
addition of graphite, a lubricant, affected the second. This supports 
at least in a qualitative manner, this interpretation of the diagram. 
However, more work is necessary before definite statements can be 
made on the subject. 

The plasticity index for any clay-water mixture 


Plastic 
asticity Index may be expressed thus: 


Total deformation at the point of failure 
Plasticity index = — 
Average stress beyond proportional limit 


In order to have a fair comparison between clays, the water content 
in each case should be such that the proportionality limit would be 
240 gr/cm?, which would be the natural pressure in the largest sewer 
pipe, due to its own 
weight. This limit 
for other purposes 
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may be set at any (44.8% water content) 
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largely in making Strain - Degrees 

these tests. There Fic. 13.—Effect of aging on plasticity. 


are two different con- 

siderations altogether: (a) In case of glass or shellac, etc., where the 
material is really a liquid of high viscosity, with a very slight pressure, 
for instance, its own weight, there will be a considerable deformation, 
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given plenty of time; but the same material will show great brittleness 
if the load be applied very fast. Such a material is called a viscous 
material and as such is distinguished from plastic materials. (b) The 
rate of loading when testing a clay bar is of considerable importance. 
If the test has to duplicate conditions of actual plastic molding, then 
the test should be conducted very rapidly as Grout has done (3 to 5 
seconds). Where only two measurements are to be made such a rate 
of loading may be possible, but when several points are to be taken it is 
impossible to duplicate actual conditions. It seems fair to give enough 
time so that under that load the deformation will be. complete. 

The time rate of deformation under a constant load is usually of the 

following general nature (Fig. 10). The time required to approach 
maximum deformation varies with different loads from three to ten 
minutes each.! 
Not only the water content, but the manner in which 
it is arrived at, is of importance. A dry press 
brick which contains 8 to 10% water will not compare in strength at 
all with a partially dried auger-made brick of the same water content. 
For this reason drying of the specimen must be prevented by all 
means. 

In these tests a definite known quantity of water was added to 
clays and the water content rechecked by drying the broken specimens 
at 110°C. Where the difference was more than 1 to 2% the test was 
repeated. 


Water Content 


The results obtained in these tests regarding 
the effect of the addition of sand are also 
substantially borne out by the data given by 
molding sand research workers. In _ those 
cases the grain size of sand was not uniform but still the strength 
(tensile) plotted against clay content shows that up to about 30% of 
clay, the strength increases rapidly, but beyond 30% further additions 
do not improve the strength of the sand mix. 

_ : Ability to reunite is one of the important 
The Difficulty of Testing P 

: pie properties of plastic bodies. It is also 
Clays for Their Ability to : , 

, known that clays vary in this respect 
Reunite 
considerably. In an auger machine clays 
which take a high polish and are hard to reunite give much trouble. 

The greatest difficulty comes in making a plane surface without 
disturbing the homogeneity of the mix. Invariably water will be 
drawn toward the surface, causing a thin film to be present on both 


Agreement with 
Published Researches 
on Molding Sand 


1 Note: For quantitative results on time rate of deformation see C. Terzaghi, 
Principles of Soil Mechanics, and also P. G. Nutting, loc. cit. 
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halves. When brought in contact these clay bodies show a greater 
tendency to slip along the plane and consequently do not unite very 
well. 


VI. Conclusions 


(1) Various methods suggested in the past were critically examined. 
) (2) An apparatus was developed to obtain stress-strain relations 
| of clays in shear. 
' (3) A few typical clays were examined and their characteristics 
noted. 

; (4) Bingham’s discovery is correlated with previous work and also 
additional proofs given. 

(5) The relations of stress to strain in shear is the same as that 
in compression. 

(6) The stress-strain diagram is interpreted in the light of Professor 
Watts’ theory, and the interpretation qualitatively checked. 

(7) A method is suggested to obtain an index of plasticity for clays. 


Appendix 


Since the above paper was reported at the Detroit Meeting the 
machine used in this work has been rebuilt to make it more substantial, 
and some more work has been done on the subject. Figure 11 shows a 
photograph of this machine. The specimens used in this latter part of 
the work were reduced in length to 2} inches using the same diameter 
as before, namely, 1 inch. Figures 12 and 13 show the results obtained. 
It may be seen from the study of these graphs that the effect of aging 
the clay can now be quantitatively determined with the help of such a 
machine. It is clearly seen that aging for a period of three weeks has 
improved the plasticity considerably. 

C. L. Thompson deserves many thanks for his assistance in this 
latter part of the work. 

(The investigation is to be continued.) 
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SOME OBSERVATIONS ON TERRA COTTA PHYSICS' 


By H. SPURRIER 


ABSTRACT 
An apparatus for determining a representative ‘‘over-all’’ coefficient of thermal 
expansion of terra cotta under service conditions is described. Observations made show 
a decided contraction upon wetting the terra cotta and the temperature must be raised 
for the regaining of the original length. It is probable that the extent of mycelial capil- 
laries is the determining factor of the magnitude of contraction. Further data obtained 
are presented and discussed. 


There is a persistent tendency on the part of technical workers to 
simplify and standardize to the end that better definition may be 
attained. 

In the manufacture of terra cotta this desirable goal seems unattain- 
able on account of the inevitable variation brought about by unavoid- 
able differences in raw materials, commercial, and other considerations. 

At the best, terra cotta, together with nearly all building materials, 
may be described as an irregular mixture of chemical compounds. 
As a consequence, no matter what property of terra cotta one has to 
investigate, it is usually found to be involved with considerations that 
cloud the issue and make a clean-cut statement very difficult. 

During the process of some work that involved the thermal expansion 
of the body, speculation was excited as to the thermal coefficiency of 
different parts of the same piece of terra cotta under service conditions. 

It was accordingly determined to try out the problem by direct 
experiment, and the question arose as to the best method of procedure. 

As it was desired to work on good-sized specimens, in order to obtain 
a representative ‘‘over-all’’ figure, the tiny specimens used in an inter- 
ferometer determination were inadmissable. 

Relative rather than absolute data were required, and if any error 
involved could be made constant, such error would not be objectionable 
as it would not interfere with the relation sought. 

Accordingly a simple but satisfactory ‘‘set-up’’ was assembled. 
(See Fig. 1.) 

A compound lever arrangement having an amplifying ratio of 
64:1 was developed from two laths of well-seasoned maple. These 
were fitted with knife edges in the appropriate positions. The two 
laths were connected by a steel knife edge link working in openings 
bushed with small pieces of glass tubing ground and fire polished at 
the ends. 

A glass vessel, C, was loaded with an amount of shot sufficient 
to establish a state a little short of equilibrium in order to be sure 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Detroit, Mich., 
February, 1927. (Terra Cotta Division.) 
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that a slight pressure would be imposed upon the short length of quartz 
tube between A and S, and yet so slight a pressure as to place only a 
very little stress upon the lever A in order to avoid any possibility of 
bending. 

A millimeter scale was mounted in an arc having the length of the 
pointer for a radius, and since the overall amplification between A 
and P was 64:1, it became easy to read values of 1/128 of a milli- 
meter equalling .00781 mm. 

This simple system displayed a most creditable sensibility, a single 
small shot added to C being sufficient to register three millimeters at P. 

The length of the system was about eleven feet. 

The short “‘distance piece’ of quartz was made to rest upon the 
specimen under test in the vessel, V, which could be filled with water 
at the same temperature as the specimen, and then electrically heated. 


| Glass Bushing 


, Link, with krufe edge contacts 


—)s 
Distance Piece 
=a 
3 
V 
Ratio 64 tol Terra Cotta Specimen > 
> 
Fic. 1. 


Since the initial purpose of these experiments was to examine the 
coefficient at very moderate temperatures, water was used as the heat 
vehicle, and proved very satisfactory. 

It was anticipated that, by heating the body by means of water, 
other forces would be brought into action than merely expansion 
through heat, but it was highly desirable to include such factors, since 
they always exist in conditions under which terra cotta is used. 

It was clearly proved that the anticipated differential existed. 

A wide bar of terra cotta was divided along its length into three parts, 
forming two outer and one inner longitudinal sections. 

The outer section gave an expansion of 10.5 mm on the scale ap- 
proximately equal to .16 mm for the temperature interval used, whereas 
the middle section gave twenty-nine scale divisions approximately 
equal to .456 mm for the same temperature interval, being a differential 
of 18.5 scale divisions and approximately .296 mm actual. 

While the definite objective of these experiments was positively 
arrived at, several features of really greater significance were brought 


to light. 
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In the first place, it will be seen that there is indicated in the graph 
a decided initial decrease in length of both portions of the bar under 
test, the original length not being regained till a temperature increase 
of 16°F in one case, and of 65°F in the other, was recorded. 

This was at first regarded as an error, or an accident, but repeated 
experiments showed it to be a constant characteristic. 

Further experiment showed that this initial shrinkage took place so 
rapidly that it must certainly be principally a surface activity. (Time 
required 30 to 60 seconds.) 

Accordingly a bar of terra cotta was mounted in the apparatus, and 
the pointer reading taken. The bar was then merely sprayed with 
water, and immediately the shrinkage became apparent, and it was 
clear that the quantity of water required to bring about the change 
was very small. Indeed, a mere wetting of the surface was all that was 
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It may be observed that the shrinkage that took place in the two 
portions of the bar was quite different, being greater for the outer por- 
tion of the bar. 

This matter was considered as offering an opportunity to throw 
some light on the fundamental properties of terra cotta bodies, 
and some work was done on the subject which will be referred to 
later. 

During the heating up of the outer section of the bar, the pointer 
indicated considerable agitation, and but for the fact that this was done 
on Sunday mornings when the factory building was free from vibra- 
tions consequent upon the usual activities, it might have been charged 
to external causes. This agitation gave the impression of crepitation 
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in the body itself and is worth a full investigation, but so far the neces- 
sary opportunity has not been found. 

When the temperature of the bath registered 201°F the body showed 
a distinct contraction. 

At 207°F the heating was discontinued and cooling commenced. 

During the heating-up period some of the occluded gases in the body 
were expelled by expansion, in this case, according to the law of Gay- 
Lussac, theoretically about one-third; and on cooling, the consequent 
contraction of the residual gases would permit the entrance into the 
body of an equal volume of water, and this was attended with a remark- 
able contraction as a 
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and they therefore 
demand the closest 
study. 

Important as this behavior is, its further investigation had to give 
way to matters of more immediate import for the time being, more 
especially as it is really so complex as to call for a great deal of earnest 
work before it will be fully explained. 

The initial shrinkage that takes place on contact of terra cotta with 
water needed some further investigation, and consequently some 
experiments were made upon related bodies, in order to discover whether 
the phenomenon was specific or general, and, if possible, also to dis- 
cover modes and methods of modifying it. 

Figure 3 shows in 64th of a millimeter the effects of water contact 
with the several bodies mentioned, and also the modifying effect of 


certain treatments. 
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The first four long lines pertain to terra cotta bodies and the four 
juxtaposed short lines marked A indicate the modifying effect of a 
definite chemical treatment in offsetting the initial shrinkage. 

The line immediately following the last line marked A represents 
the shrinkage shown by a graphite crucible body, and the next very 
short line represents a column of slate. Now slate is a nearly impervious 
body in regard to water, and moreover, this particular piece of slate 
was very smooth in texture and surface finish, which gives a shrinkage 
of less than ¢'y mm. 

The next item, plaster of Paris, shows a shrinkage .of 

Various samples of limestone give very wide differences in contrac- 
tion, and thereby offer a clue to the intimate character of the phe- 
nomenon. Since the chemical composition of the limestone bodies is 
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almost identical, it is exceedingly probable that the extent of the 
mycelial capillaries is the determining factor of the magnitude of con- 
traction. 

Much support is lent to this possible explanation when we consider 
the specimen of terra cotta that gave an initial shrinkage of 25, then 
after treatment in melted paraffin 24, and after treatment with a 
special waterproofing only 5. 

In this connection it should be observed that, on immersing terra 
cotta in melted paraffin, and after a while removing it, practically no 
paraffin enters the pores of the body, owing to the expansion of the 
occluded gases, and that such treatment does not waterproof terra 
cotta appreciably. The case is entirely different when the specially 
compounded waterproofing agent is used, because this does enter the 
body and prevents the later entry of water. And so we obtain a measure- 
ment of only ¢«z mm. 
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Experiments were made in 1925 to ascertain if terra cotta could be 
used as an osmotic cell. It was then proved that the body was far too 
porous to act as a semipermeable membrane, and therefore could not 
function as an osmotic cell. It must be remembered that osmosis is a 
function of the solution and not of the cell, which latter is only a device 
for demonstrating or measuring the force. 

There may nevertheless be small areas of any specimen of terra cotta 
acting as semipermeable membranes in a local way, while the mass 
as a whole is too porous to 
so function. 


Moreover, diffusion is, of | 
course, osmotic, and is oper- 
ative even in the absence of | Ble 


a membrane, provided there Se 
is a difference in strength of \ 

two portions of the same Ly 
solution. Fic. 5. 

Turning our attention to 
the columns marked A, these represent the observed shrinkages of the 
specimens bracketed to them, after the specimens had been soaked for 
24 hours in a one-fifth molar solution of salt, dried completely in an air 
bath, and submitted to test. 

It is now practically proved that these phenomena are the joint 
effect of the extent and nature of the pores of the bodies, and the surface 
tension of the water, because when alcohol or kerosene are used as the 
wetting medium, values proportionate to their respective surface 
tensions are obtained. For the sake of brevity the many such deter- 
minations made will not be presented here. 

In Fig. 4 we have a record of the expansion and contraction of the 
same body, A representing a specimen immersed, after thorough water 
soaking, in a 4.51 molar solution of salt. B represents the contraction 
and expansion of the water-soaked body in a .902 molar solution of salt. 

A rapidly contracted rather more than B and then became sta- 
tionary. 

B contracted rapidly and then promptly began an amazing expansion. 

It is not yet known what part, if any, of this striking pair of curves 
is due to ionization of the liquid, but it is very clear that without any 
further experiment we are justified in concluding that there is yet a 
good deal for us to learn about terra cotta physics. 

A logical corollary and a rather striking experiment of extremely 
simple character is represented in Fig. 5, which shows diagrammatically 
a column of terra cotta cut from a large piece and ground true plane 
at the top and bottom surfaces, placed upon a piece of plate glass 


Plate Glass 
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in the bottom of a copper vessel; a long lath, tapered in either directicn, 
rests, and is weighted, upon the upper surface. At the right and left 
ends of this lath are shown scales to indicate and measure movement. 
On gently filling the copper vessel with water at room temperature, the 
left hand pointer dropped 1.25 mm and the right pointer rose by the 
same amount, indicating that, under these circumstances, the differen- 
tial expansion on wetting the finished and broken sides of the column 
actually causes the column to bend. The flexion so produced if measured 
for a column 300 feet in height would cause a deflection of 7 inches from 
a true line. 

While this experiment adds nothing new to that already learned, it is 
a simple and striking confirmation of previous findings. It should be 
borne in mind that the volume changes here noted may be observed in 
most building materials, limestones, in particular, being influenced 
considerably more than terra cotta. 


NORTHWESTERN TERRA CoTTa COMPANY 
Cuicaco, LLLINoIs 
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THE POSSIBILITIES OF THE TUNNEL KILN FOR SEWER PIPE! 


By W. D. RicHARDSON 


ABSTRACT 
The questions of whether enough sewer pipe could be set on cars and safely pushed 
through a tunnel kiln to make this type of kiln practicable for firing sewer pipe, and 
whether salt glazing would be practicable in one are discussed. The modifications 
necessary in a Richardson compartment tunnel kiln to make it practicable for this 
purpose are enumerated and explained. 


There were probably two questions in the mind of the man who 
asked to have this subject discussed at the Detroit Meeting. 

1. Can enough sewer pipe be set on a kiln car and safely pushed 
through the tunnel to make this type of kiln practicable for firing 
sewer pipe? 

2. Is saltglazing practicable in a tunnel kiln? 

As to the first question, evidently the pipe could not be 
set more than two or three high on the car without danger 
of racking in moving the car, or of the outside tiers of pipes shrinking 
under high heat, pulling over and rubbing against the walls of the 
tunnel and causing trouble in the movement of the cars. If the pipes 
could be set only two courses high on the cars, which would surely 
never give serious trouble from racking in moving, the output of the 
kiln might still be large enough to make the tunnel kiln advantageous, 
provided the cars can be made somewhat wider than is now the general 
practice with other ware or in other kilns. Any danger from racking 
the cars would be in moving them outside of the kiln and in placing 
them in the tunnel, and with reasonable care this should never occur. 
There would be no danger from the slow movement of the cars in the 
tunnel. 

In the downdraft compartment tunnel kiln that I have designed 
especially for goods of low-tonnage value, such as brick and tile, the 
tunnel can be considerably wider than in other forms of the tunnel 
kiln and thus the output be larger in proportion to the cost of construc- 
tion. Therefore, I consider that in this kiln the question of capacity for 
sewer pipe has been definitely settled in the affirmative. With sufficient 
furnace power in the firing zone, on both sides of the tunnel, and the 
outlet of the combustion gases only through the draft flue in the bottom 
of the car, the cars may be six feet or more wide and the ware may be 
quickly and properly fired throughout the setting. 

Probably the main issue in this discussion of the adapt- 
ability of the tunnel kiln for sewer pipe is involved in 
the second question, the saltglazing of the pipe. Previous to my further 


Capacity 


Salt Glazing 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Detroit, Mich., 
February, 1927. (Heavy Clay Products Division.) 
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study of this problem in the past year I had assumed that saltglazing 
in a tunnel kiln was out of consideration, though, as I stated in a 
previous paper,' I believed that I had designed a tunnel kiln that had 
possibilities in this direction. 

In the past year the question was definitely put to me by the ceramic 
engineer of a large sewer pipe company and I became so interested 
in it that I went into a deeper study of it and made the drawings here 
shown. 

The drawings do not represent many details of construction, but 
they show the special modifications of the kiln for saltglazing. 

The compartment tunnel kiln has for its main object the prevention 
of the combustion gases from the furnaces being drawn longitudinally 
through the tunnel in the passages necessarily left in the setting and 
around the setting, especially over the top of the setting, since if the 
ware is too close to the arch of the tunnel the top part of the setting 
will be overheated. 

Evidently the combustion gases will take the course of least re- 
sistance in the direction of the draft outlet, which in a tunnel kiln is 
generally induced by a fan at the receiving end of tunnel, and in con- 
sequence the heat will not travel by convection to the bottom of the 
car. The central bottom part of the setting is generally underfired or 
the ware on the top of the car overfired. In most tunnel kilns this can 
only be overcome by checking the draft so as to give reducing conditions 
or, without flash walls, firing directly on to the lower part of the setting. 
The former method (reducing conditions) is objectionable except in 
flashing brick, and the latter method (firing directly on to the lower 
part of the setting) is decidedly bad practice on unsaggered ware, 
especially with clays of considerable fire shrinkage. It is practically 
impossible in such a method to prevent some flashing, and in many 
cases the settling of the brick in fire shrinkage often causes the brick 
to pull over against the sides of the tunnel and fall off, obstructing the 
cars. 

No great advantage in kiln design can be gained without some 
disadvantages, so that one could never accomplish anything good if 
he were to give too serious consideration to all objections that may be 
raised. It has been my study to design a practical compartment 
tunnel kiln, one that would not be too costly in construction and that 
could be easily operated. 


Special Construction Features 


On the rear of every fourth car I construct a substantial baffle of 
suitable refractories. This baffle can come closer to the sides of the 


1 Jour. Amer. Ceram. Soc., [6], 9, 354-61 (1926). 
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tunnel than the setting, especially at the pilasters at the ends of the 
compartment, though a little leakage around the sides of the baffle is 
not objectionable. The main thing is to prevent the passage of gases 
over the top of the baffle. It is evident that it would not be safe to 
have the drop arch at the ends of the compartments come too close to 
the top of the baffle. Therefore I have devised an automatic seal on the 
top of the baffles, a refractory tilting-damper that registers with the 
drop arches in the preheating and firing zones of the kiln and in the 
first compartment of the cooling zone. 

In the bottom of the baffle is a slot extending from one side of the 
car to just beyond the main draft flue. In this slot is a fireclay tile 
damper that can be operated by a rod through a hole in the kiln wall. 
This damper is set across the flue of the baffle car before it is placed 
on the kiln, so as to damper the first or watersmoking compartment from 
the second compartment. Just before moving the cars into the next 
compartment this damper is drawn out of the flue and remains out 
until the car has reached the first cooling compartment, when it is 
pushed in across the flue, where it remains set until the car again leaves 
the watersmoking compartment. Thus this damper is only operated 
twice in the travel of the car through the tunnel, unless the ware is 
to be saltglazed or flashed, in which case it is operated also between 
the first and second firing compartments. When the main draft flue 
is closed between these compartments, the dampers in the chimneys of 
the second firing compartment are removed, as may be required. 

Thus we have the essential requirements of successful saltglazing 
in a tunnel kiln, the separation of the compartments being salted from 
the rest of the kiln. Is there any reason why this kiln should not give 
ideal conditions for saltglazing sewer pipe? 


SCHULTZ BLpG 
CoLuMBus, OHIO 
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PRODUCER GAS IN CONNECTION WITH FIRING. 
FIRE BRICK’ 


By H. S. Orta 


ABSTRACT 


Features in connection with firing fire brick are discussed. In tunnel kiln firing a 
high temperature at the charging end is essential. Desired features of producer gas 
firing are discussed and a producer gas fired tunnel kiln installation is described in detail. 
It is shown that production capacity is dependent on the charging end temperature. 


Introduction 


The firing of fire brick, regardless of fuel and type of kiln used, 
requires a large volume of heat, probably as much as any other ware, 
due to the high temperatures to which they are fired and the setting 
being very heavy. 

In customary periodic practice, in order to penetrate the setting 
and reach the needed high temperatures, from six to eight days are 
required from the time the fires are started until the firing is stopped. 
To fire high grade fire brick to cones 12 or 14 in periodic kilns, requires 
from 1800 to 2200 pounds of coal per thousand brick. 

In tunnel kilns the time required for firing fire brick, depends on 
how fast the clay can be watersmoked and oxidized. 


High Temperatures at Entrance End Essential 


One of the biggest problems is to maintain high temperatures in the 
charging or entrance end of the kiln, in order to drive off the volatile 
matter, get out the initial shrinkage, and have the setting uniformly 
heated and prepared for entering the furnace section. If thus prepared, 
the additional heat supplied by the furnaces will cause the final shrink- 
age to take place uniformly and thus eliminate pulling and marking 
of the product. 

The only method of maintaining these high temperatures in the 
charging end of the kiln is to pull or force large volumes of hot gases 
from the furnace zone, down through the charging end of the kiln. 
These gases are comprised of combustion gases and the excess air 
admitted at the furnaces and through the discharge end. 

Up to a certain limit the excess air is helpful in building up the 
proper volume in the tunnel, but beyond this it has a tendency to 
reduce too much the heat from the furnaces. If the p®oper volume is 
maintained, higher furnace temperatures are not necessary. High 
furnace temperatures should be avoided in firing of any ware, in order 


1 Presented at the Annual Meeting, AMERICAN CERAMIC SociETy, Detroit, Mich., 
February, 1927. (Refractories Division.) Received May 4, 1927. 
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to gliminate the tendency of excessive shrinkage or overfiring the outer 
courses of the setting. 


Desired Features of Producer Gas Firing 


Since the heating value per cubic foot of raw producer gas is low 
compared with natural gas or fuel oil, a very large volume is required. 
The resulting large volume of combustion gases, with the addition 
of very little excess air, makes it easily possible to maintain high 
temperatures in the charging end of the kiln. 


2500 
OQ 500-4 


Fic. 1.—The temperature curve shows the temperatures on April 11, 1926 and Feb. 
8, 1927, using producer gas as fuel. The dotted line curve particularly shows what can 
be accomplished in the charging ends of tunnel kilns with producer gas when desired. 
At the time this curve was taken, the kiln was producing 24 cars or 36,000 brick per day. 
Referring to the solid line curve, it will be noted that the car schedule was only 20 cars 
per day and that the first two furnaces were not being fired. Naturally, with a slower 
schedule, it was not necessary to maintain such high temperatures in the charging end. 


That its flame temperature is only slightly more than the maturing 
temperature of first quality fire brick is another marked feature of 
raw producer gas. This adds a very appreciable safety factor and 
makes it practically impossible to overfire with this fuel in tunnel kiln 
work. 


A Producer Gas-Fired Tunnel Kiln Installation 


There are two direct-fired Harrop Car Tunnel Kilns at the Walsh 
Fire Clay Products Company at Vandalia, Mo. These kilns are 
394 feet 6 inches long and hold 64 kiln cars each. Each car is set with 
1500 to 1550 9-inch standards or equivalents. Tunnel width is 5 feet 
8 inches and height is 5 feet 3 inches. 

The producers, Wellman-Seaver-Morgan Company of Cleveland, 
were used by Walsh for supplying gas for their compartment kilns, 
part of which were replaced by the tunnel kilns. All gas flues are 
erected overhead. This was necessary, due to compartment kiln foun- 
dation interference under ground, and to lack of space alongside of the 
tunnels. 
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The layout includes two producers, both connected 
to a valve chamber containing four valves. These 
valves control the gas going to the four horizontal flues. These flues 
are 19 by 41 inches inside, lined with 1 inch of Kieselguhr and 2} inches 
of fire brick. 

The seven burners 
on each side of each 
kiln are supplied 
with gas by one of 
the horizontal flues. 
Each horizontal flue 
and each individual 
burner has a dust leg 
for cleaning. 

These kilns were 
put into operation 
in December, 1925, 
using oil as fuel, as 
the gas flue layout 
was not completed. 
The burners were de- 
signed and located so 
that both the oil and 
gas burners could be 
used either separately 
or together without 
any interference with 
each other. This fea- 


ture was important 
in that three months’ Fic. 2.—An individual furnace and producer gas burner. 
Also, a section of horizontal gas flue and vertical burner 
dust leg. 


Gas Producer 


service from the kilns 
was obtained before 
the gas layout was finished; also when burning out the gas flues, 
which has to be done once a week, the oil fires are started and little 
or no loss of temperature is noticeable. 

It is advisable to keep the burner valves open and operate the 
producer according to the amount of gas needed by the kilns. Since 
the producers are of the full mechanical type, it means that more or 
less steam pressure must be admitted to the turbo blower to gener- 
ate a greater or smaller volume of gas, according to the demand. 

Only one of the two Type L, No. 8, producers is used to make the 
gas for both kilns, which leaves the other always ready for emergency 
operation. It was thought that probably a more steady flow of gas 
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could be obtained by using one producer for each kiln, but experiments 
showed this not to be practical both from an economy standpoint and 
also because the quantity of gas required was so small that it was 
impossible to maintain a constant flow of hot gas to the burners. 
It was found that by carrying the gas at a 
temperature of 1250 to 1350°F, as it left the 
producer, the best results were obtained. When the gas got around 
1400°F there was little or no soot, but this gas was so lean that the 
volume required was beyond the limit of the producer being used, 
this producer having been the very first one of this type made by the 
Wellman-Seaver-Morgan Co. When the gas dropped to 1200°F, it 
was very rich in heating value, but at this temperature much more 
soot was deposited and, if below this temperature, excessive tar was 
deposited at the burner. 

The coal used is an Indiana Airshire gas coal. It is fed automatically 
from overhead bins. The fuel beds are stirred mechanically and con- 
tinuously by the water-cooled poker. Once each twelve hours tke 
ashes are plowed. 

The producer is run by an operator and helper. These men use a 
rod to test their fuel bed from time to time and, whenever solid spots 
are found, these are broken up by hand. It is usually necessary to 
stir the fires by hand once or twice each shift. 

The horizontal flues, which are 19 x 41 inches, are burned out once 
a week. The main dust legs, which are between the producer and the 
four horizontak flues, are dumped every twelve hours and burned out 
once every two weeks. When these dust legs and horizontal flues are 
burned out, the oil fires are put into operation and the producer is 
shut down. The burning out requires from four to six hours. At this 
time, of course, the gas burners, valves, and burner dust legs are also 


Producer Operation 


burned out. 

It has been found necessary to clean the burners and the burner dust 
legs more often due to the fact that they are the farthest from the 
producer, which, of course, causes the soot and tar to collect more 
readily. A method of cleaning has been devised in order to clean any 
individual burner with the producer in operation and also without 
disturbing the other burners. Compressed air is used for this clean- 
ing. 

In the initial layout, there was a valve just ahead of each burner. 
This made it possible to clean the burner, but not the valve or down- 
comer at each burner, so another valve was installed at the top of each 
of the twenty-eight small downcomers to the furnaces. At the top 
of each of these vertical flues a cross had been installed, one outlet 
being connected to the horizontal flue and another outlet to the vertical 
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flue. This left two openings for cleaning, one on top and one on the 
side of the cross. 

Through the top opening a disk valve was installed in each of the 
crosses. To these disks two pieces of pipe were welded, which passed 
up through the top cover plates These pipes are used to raise and 
lower the disk, and also, being hollow, provide a means to admit the 
compressed air into the duct leading down to the burners. 

It was found necessary to drill four three-fourths inch holes for 
admitting compressed air for cleaning the burner, three in the front 
of the burner and one in the side of the valve. This makes it possible 
to cut off any burner, open the dust leg and blow from above through 
the burner valve and through the burner. The air soon starts the soot 
deposit to burning and cleans the burner, valve, and vertical flue. It 
has been necessary to use this compressed air twice each 12-hour shift 
for cleaning the burner and valve, but only once each shift is it necessary 
to close the valve in the cross and burn out the downcomer. On the 
other occasion, the compressed air nozzles are run through the three- 
fourths inch holes and the soot blown into the furnace without shutting 
off the gas. The compressed air is also found very useful in getting 
combustion started in burning the horizontal flues and main dust legs. 
The compressed air used is at eighty pounds pressure and is admitted 
through three-eighths inch lines. 


Production Capacity Dependent on Charging End Temperatures 


These high temperatures in the charging end of tunnel kilns are more 
difficult and more important to maintain when fast schedules are 
being run. In using producer gas on these two kilns, cars are charged 
and discharged every hour, which means a production of 72,000 fire 
brick from the two kilns every twenty-four hours, and the setting is 
heated to within 200° of maturing temperature before entering the 
furnaces. Each kiln is operated by one fireman and one transfer man. 
Data submitted by the Walsh Engineer shows that 1100 to 1200 pounds 
of coal is consumed for every thousand fire brick fired. 

Both of these kilns were operated for over two weeks on a fifty-five- 
minute schedule, using producer gas as fuel. This meant firing fire 
brick to cone 14 in 583 hours. 


HARROP CERAMIC SERVICE COMPANY 
310 West Broap Sr., 
CoLuMBUs, OHIO 


NATURE AND ORIGIN OF REFRACTORY CLAYS! 


By DonaLtp W. Ross 


ABSTRACT 
A conception of the nature of refractory clays, and a supposition as to the character 
of their origin. 


Introduction 


Endeavoring to obtain an understanding of the nature of refractory 
clays, particularly the Kentucky, Tennessee, and Mississippi ball clays, 
and the Georgia-South Carolina kaolins, and the fire clays? of Missouri 
and Pennsylvania, the writer has arrived at some conceptions con- 
cerning the character of their origin which appear to conform to known 
facts. 

Nature of Refractory Clays 

Refractory clays in general consist principally of the ‘‘clay minerals,” 
silica and aluminum hydroxide in particles of colloidal size. The 
physical properties of the colloidal portions vary with the silica-alumina 
ratio. The high silica clays are more plastic, stronger, and less porous 
in the dry state than are the highly aluminous ones. When the per cent 
of alumina in the colloidal portions is greater than that indicated 
by the formula Al,O;-2SiO.-2H.O the clay is likely to be somewhat 
indurated. 

The general principles of colloidal chemistry* show that each refrac- 
tory clay particle of colloidal size when suspended in water is surrounded 
by an adsorbed film of water, which acts as a unit with the particle 
and that probably the thickness of the film increases directly with the 
intensity of the electrical charge on the particle. 

It is generally assumed that there is a definite surface between the 
colloidal particle and the adsorbed water film, that various substances 
or ions are adsorbed or otherwise held in these surfaces and that these 
adsorbed substances alter the interfacial tensions or other properties 
and thus alter the physical behavior of the clay in mass. Adsorption 
apparently depends upon the nature of the surface,‘ and there is 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Atlanta, Ga. 
February, 1926. (Refractories Division.) Received April 26, 1927. 

? In the following discussions we shall use the term refractory clays as meaning those 
materials that are relatively free from constituents other than silica and alumina, 
except that such materials almost invariably contain small but appreciable percentages 
of titanium, iron,* and the alkalis. 

* J. Spotts McDowell, ‘‘Mineralogy of Clay,’ Jour. Amer. Ceram. Soc., 9 [1], 85 
(1926). 

3 W. W. Taylor, The Chemistry of Colloids, Longmans, Green and Co., London, 1915. 

*G. Testoni, “Some Adsorption Phenomena,” Ann. Chim. Applicata, 16, 45—52 
(1926); Chem. Abs., 20 [12], 1931 (1926). 
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probably more than one type of adsorption with a given surface.' 
Some of these types, apparently at least, approach chemical reaction 
with the clay. The adsorption phenomena are probably rather complex 
in the case of clay. 

By separating the various substances contained in 
refractory clays into comprehensive groups the prob- 
lem of correlating the various clays is greatly sim- 
plified. A highly satisfactory division is (1) to separate the colloidal 
from the noncolloidal portion by supercentrifuging; (2) to remove the 
soluble salts from the colloidal portion by extended washing on collodion 
filters, by dialysis, or by electrical-end osmosis using porous cups 
around the electrodes;? (3) microscopic examination of the noncolloidal 
portion to disclose its mineral composition; (4) fractional crystallization 
of the extracted salts followed by microscopic examination and chemical 
analysis. 

There appears to be a rather general continuity of variation of 
properties of clay colloid from low to high 
alumina content. Increase in the amount of 
alumina in the colloidal portions is accom- 
panied by increase in true specific gravity, 
both raw and fired, increase in porosity (raw), 
and increase in loss on ignition. 

Thus many of the physical properties of Fic. 1.—After Wheeler, 
hard clays can be extrapolated by extension Showing generalized section 
of the curves for soft clays. of Missouri Gint clay ie sink 

hole in limestone. Diaspor 

In the past, standard methods of clay ore sometimes present in 
testing have consisted quite largely of mea- these depositsisnot indicated. 
surements of firing shrinkage and porosities of 
fired pieces. The apparent anomalies in such data disappear when we 
understand the simple relationship which exists between alumina 
content, true specific gravity, raw porosity, and loss on ignition. 

Air dry colloidal clay materials on being dried at 110°C are found 
to vary in weight loss directly with their silica contents. (See Col. 9, 
Table IT.) 

The above relations have also been largely corroborated by studies 
on soils and soil colloids. 


Identification of 
Components 


1M. L. Huggins and John Field, 2nd, ‘‘Adsorption Mechanisms,”’ Science, 63, 454-55 
(1926); Chem. Abs., 20 [14], 2268 (1926). 

2H. F. Joseph and J. S. Hancock, (‘‘The Composition and Properties of Clay,’ 
Trans. Chem. Soc. [London], 125, 1888-95 (1924)) state that a satisfactory removal of salts 
is indicated by a rise of electrical resistance of a water suspension of the colloid from 
50,000 to 100,000 ohms. It should be remembered that calcium, sodium, and potas- 
sium, etc., are probably not completely removed by this means. 
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Determination of two or three properties of the colloid portion of a 
clay (the fine particles that disperse in water), microscopic examination 
of the noncolloidal portion, and chemical composition of the extracted 
salts, will yield sufficient data from which to predict the behavior of 
the clay. Thus the mystery of clay will give way to a still more fas- 
cinating understanding of its properties. 

The solubilities of hydrated alumina, iron, titanium, 


. and colloidal silica are relatively very slight in pure 
water and in weak alkaline and acid solutions. The 
Contents 


alkali metal and alkaline earth compounds, on the 
contrary, although not all classed as highly soluble materials, are 
relatively much more soluble. Hence in nature, where weak solutions 
are the rule, we should expect that if hydrated alumina, iron, titanium, 
and colloidal silica are transported at all, it would be by colloidal 
suspension, while the alkali metal and alkaline 
earth groups of compounds would almost 
certainly migrate as true solutions. This is 
contrary to the view that alumina is trans- 
ported in true solution as sulphate. 


Silica is found in many natural waters and 
we find many silica geodes and quartz crys- 
Fic. 2.—Diaspor nodule tals that evidently have been formed by 
from Osage Co., Missouri, deposition from natural waters. This is in 
by courtesy of the Harbison-  -ontrast to aluminum hydroxide which is not 
Walker Refractories Co. Cen- 
tral portion practically pure a common constituent of natural waters. 
white, outer portion heavily Alumina geodes are scarce and the existence 
impregnated with iron. Cen- of true alumina geodes is open to question. 
tral portion probably origi- Hence it appears probable that alumina does 
nally contained iron, which jot travel about in nature either in true 
has migrated therefrom, prob- 
condition solution or colloidal suspension. This would 
during weathering. appear to be borne out by the fact that colloi- 
dal aluminum hydroxide when deflocculated 
in water carries a positive charge, while clay colloids are invariably 
negative. It is generally conceded that secondary deposits of silica are 
frequently formed from water solution and that the silica content of 
natural waters is probably not in true solution, but as colloidal silica 
particles. If it is present as silicic acid in true solution this compound 
is not ionized to any great extent. This suggests that the nature of 
secondary silica deposits may depend upon the degree of flocculation 
during deposition. Thus it appears possible that opal is a deposit 
from flocculated material, and quartz from a deflocculated suspension. 
A case of such secondary quartz deposition is shown in Fig. 3. In 
discussing certain chert formations, Sampson! says that the evidence 


! Edward Sampson, Jour. Geol., 31 [7], 571-98 (1923). 


| 
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that these cherts have been in a gelatinous state is unusually clear, 
thin sections showing much isotropic silica and spherules of chalcedony. 

It has been suggested that fullers’ earth clays possibly owe their 
adsorbent properties to the presence of colloidal silica. What appears 
to be a rather certain substantiation of this idea has been worked out 
by Anderson and Mattson.' The heat of wetting and of NH; adsorption 
varied regularly with the silica-alumina ratio, increasing with increase 
in colloidal silica. This agreement is so good that it appears probable 
that the value of fullers’ earth could be thus determined. 

Free alumina in refractory clays is probably always present as 
hydroxide, either colloidal or as the minerals, diaspor,? or gibbsite. 


Fic. 3.—Photomicrograph to left: Medina quartzite, shows variously oriented quartz 
crystals, each with a sand grain as a nucleus. The outlines of the original grains are well 
shown in the two crystals to the left. Photomicrograph to right: Baraboo quartzite, 
shows lines of impurities between crystals; these impurities were apparently moved 
into these positions by growth of the quartz crystals. (After McDowell)* 


There is evidence* that in moist aluminum hydroxide crystallization 
of Al;O;3H.O (presumably gibbsite) starts within a few hours, and is 


1M. S. Anderson, ‘“‘The Heat of Wetting of Soil Colloids,” Jour. Agric. Research, 28, 
927-35 (1924); M. S. Anderson and S. E. Mattson, ‘“‘The Relation between Properties 
and Chemical Composition of Soil Colloids,’’ Science, 62 [1596], 114-15 (1925). 

2 D. C. Wysor, ‘“‘Diaspor Clay of Arkansas and Missouri,’’ Jour. Amer. Ceram. Soc., 
6 [3], 501 (1923). 

3 J. Spotts McDowell, “A Study of the Silica Refractories,’’ Am. Inst. Min. Eng. 
Bull., 119, 2000-55 (1916). 

4D. Tommasi, Compt. rend., 91, 231 (1880); J. W. Mellor, Treatise on Inorganic 
Chemistry, Vol. V, p. 276, Longmans, Green & Co., London; J. Bohm and N. Neclassen: 
J. W. Mellor, ibid., p. 280. 
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quite well advanced in the course of a few months. Increase in specific 
gravity of clays with increase of aluminum content suggests the 
possibility that the free aluminum hydroxide is the cause of this 
increase and is present in the form of diaspor (specific gravity, 3.5). 

In refractory clays the inorganic portion of the colloidally dispersable 
material (submicroscopic) probably consists of hard individuals which 
are mostly amorphous, but in which there are at least traces of crystal- 
line material.2, Much of the colloidal material is probably in the form 
of aggregates, even when well dispersed in water. The portion that 
is of microscopic dimensions consists mainly of the clay minerals, 
except that such extraneous material as quartz sand may be present. 
If rapidly fired, many refractory clays first shrink with 
rising temperatures, then with increasing temperatures 
remain nearly constant in volume, or even expand 
slightly. At still higher temperatures further gradual 
shrinking takes place. © 

It appears possible that this behavior is occasioned by crystal 
growth; that during rapid crystal growth at advanced temperatures 
the crystals tend to assume their characteristic form instead of merely 
filling the space that their constituent parts had filled, such as might 
be expected of crystals formed at lower temperatures and having less 
freedom of molecular movement. This hysteresis in firing shrinkage is 
not apparent when the temperature increase is sufficiently slow, and 
such expansion can be prevented by pressure.’ 

Refractory clay blocks used above the metal line in glass melting 
tanks and subjected to the fluxing action of lime and soda dusts are 
washed away smoothly if the ratio of silica to alumina in them is 
greater than that of the formula Al,O;2SiO2. If the silica is less than 
is indicated by this formula the silica content of the surface is washed 
away, while the alumina content remains and builds up into large 
plates of corundum (AI,Q3). 


Behavior of 
Fire Clays 
under Heat 


Summary on Origin of Refractory Clays 


Consideration of data and assumptions concerning refractory clays 
given herein, and extended by the findings of Fox, W. Stout,iand others 
with reference to laterite, flint clay,etc., lead to the following conclusions: 


1 Gibbsite is assumed as being a first and somewhat unstable form in which aluminum 
hydroxide crystallizes and diaspor is the more stable form. 

2 P. L. Gile, “Nature of the Colloidal Soil Material,’ Colloid Symposium Mono- 
graph, Vol. 3, p. 216(1925). 

3 J. S. McDowell privately communicated. 

*S. C. Fox, “The Aluminous Laterites of India," Monograph Memoirs, Geol. 
Surv. of India, Vol. 49 (1924) 

5 W. Stout, ‘Origin of Clay,’’ Ohio Geol. Surv., 4th Ser., Bull., No. 26 (1923). 


a 
| 
i 


NATURE AND ORIGIN OF REFRACTORY CLAYS 709 


(1) That refractory clays are sedimentary deposits, the original 
ingredients of which were derived by weathering of many varieties 
of rocks. Such clays apparently originally consisted primarily of a 
mass of colloidal silica and colloidal aluminum hydroxide, together with 
lesser percentages of colloidal titanium and iron hydroxides, and had 
absorbed in the mass alkaline materials such as potash, soda, and lime 
compounds. 

(2) That such beds are later altered by leaching out of fluxes in 
true solution and by removal of silica, probably in deflocculated 
colloidal suspension, and by formation or hydrolysis of the clay min- 
erals, particularly by the formation of hydrated mica, the alkali of 
the mica being that previously absorbed by the clay mass. Part of 
the colloidal silica removed from a clay is frequently deposited in other 
parts of the clay bed, or adjacent to the clay in the form of secondary 
silica. Such deposits of secondary silica appear to range all the way from 
opal through cryptocrystalline material to quartz. 

(3) Since water is slightly ionized, such leaching can be accomplished 
by water alone, augmented by carbon dioxide obtained from the 
atmosphere. 

(4) That aluminum hydroxide remains flocculated in nature, with the 
result that highly aluminous deposits are concentrations im siiu, merely 
being left behind as the silica is removed. 

(5) That the purity and. the alumina-silica ratio of pure flint clays 
relative to adjoining semihard fire clays is a direct result of leaching. 

(6) That the nodular, pisolitic, and similar structures found in certain 
parts of highly aluminous deposits are the result of alternate wetting 
and drying out of the material. 

(7) That in the process of leaching little or none of the iron and 
titanium hydroxides present in the original sedimentary deposits are re- 
moved until the deposit becomes highly aluminous. That segregation of 
iron oxide is brought about through repeated wetting and drying out of 
highly aluminous materials, and is apparently a colloidal phenomenon. 


Physical and Chemical Characteristics of Clays 


The data of Table I indicate the following points: 

(1) The alumina content of the raw leached clays examined is con- 
sistently slightly higher than that of the unleached clays. 

(2) The dry porosities of the raw leached clays are higher than are the 
dry porosities of the unleached clays. 

(3) The true specific gravities of the raw leached clays are greater 
than are those of the unleached clays. 

(4) The loss on ignition of the leached clays is greater than of the 
unleached clays. 


: 

: 
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(5) The dry strength of the clays is not shown in Table I except for 
the Georgia-South Carolina district secondary kaolins, but the dry 
strength of the leached clays is frequently less than that of the un- 
leached clays. In case the unleached clays are hard and compact as 
mined, as is the case with St. Louis Cheltenham clay, the unleached 
clay must have its full plasticity developed before its dry strength can 
be thus compared with that of unleached clay. 

(6) The fusion points of the leached clays are higher than are those 

of the unleached clays. This appears to be due to leaching out of fluxes 
other than iron and titanium. However it may also be increased to some 
extent by the higher alumina content. 
Considering the above we may conclude that the physical 
behavior of soft raw clays depends upon grain size, 
surface tension effects, the electrical charges on the 
particles, the specific materials adsorbed by the particles, and upon the 
ratio of silica to alumina in the colloidal portions of the clays. Clays 
in which the silica content of the colloidal portion is high are plastic 
and rather impervious to water, while those in which the alumina con- 
tent of the colloidal portion is high are relatively less plastic and more 
porous. 


Controlling 
Properties 


Field Evidence on Origin and Nature of 
Refractory Clays 


The Kentucky ball clay strata of Table Ia are numbered downward 
from the top of the deposit. The unleached clays of this deposit occur 
under a bed of lignite which prevents their being leached and are 
known as ‘“‘brown clays,”’ while the leached clay is a portion of the same 
deposit that is not overlain by lignite, and due to its color is known as 
“pink clay.”’ 

The unleached Cheltenham clay of Table Ia occurs under an eighty- 
foot overburden and is practically dry as mined. Available information 
indicates that the leached clay deposit is a continuation of the un- 
leached deposit. The leached deposit occurs under thin overburden and 
is popularly known as ‘‘preweathered”’ clay. The iron content of these 
two materials is substantially the same except that the iron in the pre- 
weathered clay is present as hydrated oxide and possibly also as oxide, 
while the iron in the unweathered clay is invariably present as sulphide. 

In 1910 Lovejoy noted highly aluminous patches in contact with 
running water in the Georgia-South Carolina secondary kaolin deposits. 
Later Stull noted that waters percolating from these deposits are known 
to be silica laden and opalescent. It is also probable that secondary 
silica has been deposited in the hard unleached portions of these 
deposits. 
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The diaspor pits of Missouri have been described by Wheeler. His 
remarks are very pertinent to the text of this paper as his statements of 
fact appear to support our present statements. His assertion that where 
the iron ore is in contact with limestone it is always in the form of 
hydrous oxide instead of the dehydrated oxide, is of interest. 

It appears probable.that the clay in these deposits is a residual from 
limestone. The writer understands that residuals from limestone are 
frequently relatively high in alumina and iron and low in silica. Further 
speculation in connection with these deposits may or may not be 
warranted, but following the findings of Fox concerning separation of 
iron oxide and silica from aluminous beds, we conjecture that the iron 
oxide and part of the silica that are frequently found adjacent to these 
deposits have been derived from the clay. 

In the case of highly aluminous flint clays of Pennsylvania the 
highly aluminous portions of the deposits are frequently if not always 
underlain by normal flint clays, or semihard fire clays, and are overlain 
by deposits that were clearly laid down at a later period than the highly 
aluminous portions. Thus it would appear that at some stage in their 
geological history the portions of the beds that are now highly alumi- 
nous, were normal fire clay that was exposed to leaching action while 
located at or near the surface of the ground. From the overwhelming 
proofs that Fox has given, we may further conclude that pisolitic and 
nodular structures found in these highly aluminous flint clays is the 
result of repeated wetting and drying out of the material during the 
process of leaching. 

The No. 1 fire clay of the Ohio Geological Survey, which is also known 
as the “Olive Hill Clay”’ is recorded! as being highly aluminous and 
containing nodular structures at the Burnt House Mine. 

Samples of the ‘‘Egypt clay,”’ which is apparently part of the No. 1 
deposits showed it to contain rather coarse-grained quartz sand and the 
analysis in Table I shows the silica content to be relatively high. 
Nodular structures were present adjacent to this sandy material. This 
then can be considered as an example of a siliceous flint clay in which 
the true clay portion is probably highly aluminous. 

The direct result of leaching, for the ball clays of western 
Kentucky and the Cheltenham fire clay of St. Louis is the 
removal of fluxes and silica with the resultant increase in refractoriness 
and increased porosity of the air dry material. Similar relations are 
shown in the secondary kaolin from the Georgia-South Carolina 


Leaching 


1A. F. Greaves-Walker, ‘‘Note on a High Alumina Flint Clay,” Trans. Amer. 
Ceram. Soc., 8, 297 (1906). 
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district, which samples are also supposed! to represent unleached and 
leached material respectively. 

The properties developed in refractory clays through leaching are 
characteristic of those found in highly aluminous materials. This fact, 
in conjunction with the presence of diaspor with normal refractory clays 
in the Missouri deposits, the highly aluminous flint clays of the Penn- 
sylvania and Kentucky-Ohio fields, and the bauxites occurring with 
the secondary kaolin of the Georgia-South Carolina fields, appear to 
bear out the idea that the highly aluminous materials such as laterite, 
bauxite, and diaspor, are developed from clay by. concentration of 
alumina in situ, through leaching away of silica and the fluxes other 
than iron and titanium. 


TABLE la 
Georgia- Mo. 
South Chelt- Egypt 
(top) Kentucky Ball Clay Carolina enham Clay** 
Stratum No. 1 No. 2 No. 2 No.3 No. 34 Secondary Fire 
Kaolin Clay 
Silica 
Unleached 51.8 44.36 48.98 44.58 44.90 61.00* 
Leached 48.36 50.06 46.86 44.0 55.46f 40.2 
Alumina 
Unleached 29.93 27.58 31.64 27.90 37.76 23.4 
Leached 30.3 S86 31:86 38.81 27.31 35.15 
Per cent dry porosity 
Unleached 2.9 2.1. 35.6 
Leached 29.4 30.58 32.9 36.8 35.4 39.2 
True specific 
gravity (raw) 
Unleached 3.27 2:33 i156. 23353 1.99 2.45 
Loss on ignition 
Unleached 10.75 2.58 44.53 14.3% 85.5 
Leached 3.1 90:92 20.5 12.1 19.35 16.2 
Fusion 
Unleached 314 324 324 324 324-34 34 303 
Leached 313 323 334-3 333 333 34+ 31} 
Mod. of rupture 
Unleached 183.3 
Leached 26.8 


* Thick overburden 
Thin overburden 
* Showing some bauxitic structure 


TABLE Ib 
True specific gravity Per cent porosity 
. Taw fired to cone 8 

Normal Mo. flint 2.445 4.03 
Mo. flint containing diaspor 2.613 5.0 
Missouri diaspor 3.28 

Normal Pa. flint 2.585 3.13 

Pa. flint, highly aluminous (diasporitic) 2.623 8.91 


1R. T. Stull, “Distribution of Kaolin and Bauxite of the Coastal Plains of Georgia,” 
Jour. Amer. Ceram. Soc., 7 [7], 513 (1924). 


‘ 
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Galpin' and Sommers? by means of the petrographic microscope have 
shown that many of the purer flint clays consist primarily of sericite, 
hydromica, kaolinite, and colloidal material, free quartz of microscopic 
dimensions being practically absent. Some of these contain a con- 
siderable proportion of the clay minerals, but others are very largely 
colloidal. The variations in alumina content of these pure flint clays 
vary with their true specific gravities in the unfired and fired condition 
and with their loss on ignition. These variations in hard clays are 
similar to and apparently a continuation of the variations shown 
by the clays that are dispersible in water. 

If colloidal silica and aluminum hydroxide are present under con- 
ditions favorable to crystallization it appears probable that the crystal- 
line hydrous aluminum silicates such as kaolinite and mica are formed. 
Galpin® and others have shown that such recrystallization into kaolinite, 
hydromica, etc., has apparently taken place in the cases of many 
of the flint and semihard fire clays. 

Studies of soils indicate that the colloid content of the soils of arid 
and semi-arid regions, such as the Dakotas, are often highly siliceous, 
are high in soluble fluxes, are not very porous, are highly plastic, and 
have large absorptive capacities for gases (which indicate that they 
have large surface area); while the colloid content of soils of humid 
regions, such as Porto Rico, are often highly aluminous, low in fluxes, 
and are to a large extent lacking in ability to absorb gases. This indi- 
cates that in humid regions of good drainage, where denudation is not 
going on rapidly, bases and colloidal silica are leached away. Such a 
process is apparently going on in such places as the eastern coastal 
plains region of our country.‘ This relation is shown under No. 7 
in Table II. 

In the case of certain soils such as the Norfolk fine sandy loam® the 
colloidal materials have been leached to the point where the alumina 
content is relatively high (Al,O; equals 33.38, SiO, equals 38.46) for 
soil colloid (the average of seven such colloids being Al,O; equals 26.90, 
SiO». equals 43.50), and still the whole soil is largely quartz sand. It 
is even conceivable that as long as the waters leaching through such a 
soil are heavily laden with silica some silica obtained from the colloidal 


material will accumulate as secondary quartz on the quartz sand grains. 


1S. L. Galpin, ‘Studies of Flint Clays and Their Associates,” Trans. Amer. Ceram. 
Soc., 14, 301 (1912). 

2 R. E. Sommers, ‘Microscopic Study of Clays,’’ U. S. Geol. Surv., Bull., No. 708, 
High Grade Clays of Eastern U. S., p. 292 (1922). 

*S. L. Galpin, ibid. 

* M. S. Anderson, privately communicated. 

5 M.S. Anderson, and S. E. Mattson, loc. cit. 
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However, from what is known of lateritization it appears that if the 
process were carried far enough the quartz sand grains would themselves 
eventually be removed. 

We thus have a picture which may be applied to siliceous flint clay 
beds, in which quartz sand has either been laid down as such in the 
original bed, or has formed im situ as secondary quartz, and in which 
bed the colloid material has lost silica to such an extent that it has 
taken on the structures characteristic of highly aluminous materials. 

In a great many soils the iron content of the colloidal portion is high 
or low according as the alumina content is high or low. Similarly the 
iron content of many refractory clays varies more or less regularly with 
their alumina content. Examination of a limited number of analyses of 
soil colloids makes it appear probable that to some extent at least the 
titanium content varies with the iron content. The titanium content 
of a large variety of our refractory clays varies more or less regularly 
with the alumina. Some of the titanium is apparently present as 
hydroxide, some as microscopic crystals of rutile (TiO2)' and some 
as small grains of the mineral titanite (CaO - TiO, - SiQs). These 
data tend to substantiate the statement that during natural leaching 
the titanium and iron remain with the alumina. 

Many varieties of rocks? in weathering, set free a mass of colloidal 
material consisting mainly of silica and aluminum hydroxide but 
frequently also containing titanium and iron hydroxides. We shall 
term this mass “‘clay base.’’ This clay base is capable of adsorbing 
alkali and alkaline earth compounds, obtained from leach waters, or 
the decay of the alkaline constituents of the parent rocks. Clay base, 
then, is a distinct product of decomposition, and is not considered as 
“rock flour’’ which has reached some specific stage of decomposition. 
Speaking of the variety of rocks that break down in this manner, 
Fox® states that primary laterite is a residual weathering product of 
various types of igneous, sedimentary, and metamorphic rocks. 

The matter of how quartz crystals, etc., have developed in magmas, 
say to form a granite, as by the laws of mass action and preferred 
growth of larger crystals, is quite well established. Hence, it appears 
within reason to suppose similar developments have taken place in 
the colloidal clay base materials and their adsorbed salts, forming clay 
minerals, aluminum hydrate crystals, pyrite, or even quartz crystals 
as conditions demanded. This would appear to be borne out by Fig. 3,4 

1J.S. McDowell, loc. cit. 

2 Leith and Mead, Metamorphic Geology, page 42, Henry Holt and Co., 1915. 

C. Pox, loc. ctt., p. 7. 

‘ Similar relations are shown by Herbert Insley, Bur. Stand., Tech. Paper, No. 124 
(1919). 
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in which secondary quartz, presumably deposited under moist condi- 
tions, has accumulated on quartz grains and has the same orientation 
as the grains; while constituents present other than silica have ap- 
parently been moved by crystal growth of quartz to their present 
positions between the quartz grains. 

Many alumina-silica containing rocks appear to contain their 
colloidal silica and aluminum hydroxide forming constituents in 
approximately the proportions in which these constituents occur in 
refractory clay. Possibly the colloidal aluminum hydroxide liberated 
during the rock decay is capable of flocculating colloidal silica in 
this proportion only, the excess of colloidal silica being borne away in 
a deflocculated condition. 

The differences between the strata enumerated in Table I for the 
Kentucky ball clay beds are due to differences in the beds as originally 
deposited. The differences between the unleached and leached clays of a 
given stratum, and between plastic clay and flint clay in a single bed, 
in such deposits as those found in Pennsylvania or eastern Kentucky, 
are due to lateritization (including leaching). The differences between 
the refractory coal measure fireclay beds and adjoining shale beds are 
due to differences in the beds as originally laid down, and not primarily 
to subsequent alteration of the fireclay beds. 

Although possibly depending to some extent upon the rocks from 
which they were derived, the proportions of alkaline materials present 
in refractory clays, from greatest to least, are in general, potash, soda, 
and lime. Base exchange tests on soil colloids' show that lime is most 
completely removed from the colloid, soda less so, and that the potash 
content is least affected. This leads to the conclusion that during 
natural leaching of clay-base, lime is most completely removed and 
that the potash content is least affected. 

In cases where limestone beds immediately overlie clay beds, the 
clay beds ordinarily do not contain flint clay.2, On the other hand the 
flint clays occur overlain by shallow water deposits. We might thus 
conclude that the beds in which flint and nodular clays have been 
formed were above ground water level either at the surface of the 
ground or under shallow cover at some period before being covered by 
heavy overburden. The presence of limestone (deep water deposits) 
over other beds would seem to indicate that they were not so exposed. 

Clay of rather high iron content is frequently found adjacent to 
flint and semihard clays and in contact with or adjacent to limestone: 
as for instance, the ‘‘pink eye’’ clay underlying the No. I (Olive Hill 


1M. S. Anderson and S. E. Mattson, /oc. cit., p. 25. 
2 Wilbur Stout, “Origin of Clay,’’ Ohio Geol. Surv., 4th series, Bull., No. 26, p. 566 
(1923). 
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fire clay in Kentucky, and resting on limestone; and the iron-bearing 
clay that occurs near the rims of the sink hole flint clays of Missouri. 

Lime has a great flocculating (coagulating) effect on clay base. This 
effect of lime on clay, together with the fact of such occurrences, sug- 
gests the idea that the lime itself may have had an effect in retarding 
lateritization of the clay bed, and may have flocculated iron particles, 
maintaining them in some hydrated form, such as limonite. 

Slickensides are present in the ball and similar pure plastic clays. 
However they are wanting in the true flint clays. If we consider the 
flint clays as being derived from plastic clay by removal of colloidal 
silica, we should expect a considerable decrease in volume of the residual 
material. The ‘‘calico’’ appearance of certain flint clays, as if they 
had been broken up into relatively small pieces and then recemented 
in place would appear to indicate that such shrinkage did take place. 
Galpin! has noted that there is a difference in the kind and amount of 
crystallization in the fragments and the recementing materials of such 
brecciated flint clays. Concerning recementing of aluminous materials 
Fox states, 


A common property of most laterites is their capacity for reconsolidation; detrital 
fragments which have accumulated appear to set or to be cemented into a solid mass. 


Such shrinkage in volume and recementing of the residue might 
be expected to obliterate signs of slickensides in flint clays. 

Clark? gives the ionization constant of water as K, equals 10-™. 
This means that water furnishes both hydrogen and hydroxal ions 
that are available to enter into reactions with the colloidal materials 
of soils and clays. Mattson* has shown how the hydrogen ion of water 
can be taken up by soil colloids. CQz is rather soluble in water (1.713 
volumes of gas per volume of water) and hence may readily be absorbed 
by rain falling through the atmosphere. Fox’s statements concerning 
lateritization in India also indicate that in some instances of lateritiza- 
tion apparently neither bacterial action nor organic materials have 
played an important réle. However, it appears that at times, pure 
water may be augmented by the presence of material in solution, or in 
colloidal suspension. 

High alumina clays such as the diaspor clays of Missouri and the 
nodular flint clays of Pennsylvania are thus accounted for as the direct 
result of leaching of silica from clay beds in place, the aluminum hy- 
droxide remaining behind and not being the result of precipitation of 


1S. L. Galpin, Joc. cit. 

2 Wm. Mansfield Clark, The Determination of Hydrogen Ions, Williams and Wilkins 
Co. (1922) p. 21. 

8S. E. Mattson, Jour. Agric. Research, 33 [6], 562 (1926). 
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alumina from solution. Titanium and iron hydroxides, like the alumi- 
num hydroxide are apparently not removed from the mass by leaching, 
at least while the silica content is high. It appears probable that after 
a clay has reached a certain rather high alumina content, iron as oxide, 
or possibly as hydrate, migrates from it: 


TABLE II 
Per cent 
Ignition water 
Ignition Organic loss H:0 held by 
Al:Os SiO: loss matter minus at TiO: Fe:0; _ colloid 
organic 110°C below 
matter 110°C 


Fallon loam, 
Nev. 16.73 3.0 16:05 1.79 $6.06 12.15 0:77 13.9 


2 Sharkey 
clay, Miss. 21.70 50.13 12.56 3.83 8.73 11.46 .46 8.70 12.3 


3 Marshall silt 
loam, Nebr. 22.15 44.94 16.86 7.94 8.92 8.96 .47 8.91 10.1 


4 Susquehanna 
clay, Md. 33.82 43.92 13.50 12.66 2.36 2.0 28.8 


5 Sassafras silt 
loam, Md. 29.55 40.93 14.44 1.88 12.56 5.07 .70 11.98 7.6 


6 Huntington 
loam, Md. 29.98 36.65 16.82 5.74 11.08 4.61 45 11.07 6.0 


7 Norfolk fine 


sandy loam, 
N: Car. 33.38 38.46 13.16 2.18 10.98 a8 .93 11.43 6.3 


8 Aragon soil, 
Costa Rica 34.38 15.86 21.59 5.96 15.63 4.51 .54 22.67 


Av. 1 to 7 26.90 43.50 


Properties of Soil Colloids, U.S. Dept. of Agriculture, Bull., No. 1452, Cols. 1 to 8 
inclusive from Bull., Table II; Col. 9 from Bull., Table VII. 


Infiltration of leach water from one clay bed into another 
clay bed, or another part of the same bed, in which free 
movement of water is somewhat retarded, apparently results in the 
deposition of secondary silica. Possibly secondary mica may also be 
formed in this way through infiltration of alkali. Galpin' has found 
secondary mica in fire clays. 

The writer understands that I. A. Denison and W. H. Fry of the 
Bureau of Soils, in an investigation they are conducting on soil mica, 
have obtained evidence that mica may be formed as the soil develops 
from the decomposed rock. The fact that hydromica is one of the 
common micas found in clay suggests the possibility that the water 
present in them is primarily present as hydration of the alumina 
content, and that the alkali present has merely displaced some of this 
water of hydration and is hence joined chemically, primarily with the 
alumina. 

The iron sulphide (pyrite) present in refractory clays is conceived of 
as being formed subsequent to the formation of the clay bed by 


Infiltration 


1S. L. Galpin, loc. cit. 
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sulphate bearing waters coming into contact with the primary iron 
content (originally iron hydroxide) of the clay under reducing condi- 
tions, as in contact with vegetable matter below ground water level. 
The iron collects about such centers, as above described for crystal 
growth in clays. We would thus expect to find organic matter such as 
leaves, sticks, etc., replaced by pyrite. 
Lastly, with colloidal silica and colloidal aluminum 
hydroxide present in proper proportions and under 
proper conditions, crystallization apparently goes on to various 
extents, with the production of clay minerals and possibly other 
minerals such as quartz. Diaspor or gibbsite apparently crystallizes 
to some extent where aluminum hydroxide is sufficiently concentrated. 
If iron hydrate becomes sufficiently dehydrated it is converted into 
hematite. Such hematite is apt to be friable and may in some cases 
become separated from highly aluminous clays. 

Many of the semihard fire clays contain rather finely 
- divided secondary silica. This silica appears to act more 
or less as bond. It may even develop that the secondary 
silica bond in these semihard fire clays has been leached from the 
adjoining normal or highly aluminous flint clay. Such finely divided 
silica may possibly also be the bonding material of normal flint clay. 
However the highly aluminous flint clays of Pennsylvania and the 
diaspor clays of Missouri are harder than are the normal flint clays of 
those states. Hence it appears more probable that these highly alumi- 
nous clays owe their hardness to induration of their aluminum- 
hydroxide contents. From their composition and structure it appears 
probable that the normal flint clays owe their hardness to the presence 
of indurated aluminum hydroxide, rather than to a silica bond. 
The assumptions stated concerning the origin 
of refractory clays apparently fit the known facts 
except that alone they do not explain the fact 
that the highly aluminous clays frequently con- 
tain pisolites, nodules, and other characteristic structures. As noted 
above, many such clays appear as if they have been fractured and the 
fragments recemented together. S. C. Fox working with the Geological 
Survey of India has shown beyond contradiction that such structures 
develop in highly aluminous materials, 7m situ, during weathering, 
through their being repeatedly saturated with water and dried. He also 
cites definite instances of the separation of iron from highly aluminous 
beds im situ, and shows that this removal of iron also takes place 
through repeated wetting and drying out of the beds. 

It is probable that such separation of iron takes place only below a 
certain maximum silica content in the mass. Possibly it takes place 


Recrystallization 


Hardness 
of Clays 


Nodular Structure 
and Separation 
of Iron 
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by the iron ‘‘creeping’’ along the walls of pores in the mass in the form 
of oxide rather than hydroxide. Such an action would be aided by the 
relatively great porosity of many highly aluminous materials. 

In the Missouri diaspor deposits the line of demarcation between the 
iron-free and stained portions of the deposits is frequently very distinct. 
Similarly, pieces of highly aluminous float from certain parts of the 
Missouri diaspor district (Fig. 2) show white centers and a distinct 
iron concentration band around the outside. 

The ‘‘creeping”’ of colloidal substances is not infrequently affected 
by the presence of alkali metal and alkaline earth compounds. It 
appears possible that such substances may have exerted an effect in 
the case of the diasporetic clays. 

As the result of his researches, S. C. Fox has established the general 
principle that aluminous beds are developed in situ above lowest ground 
water level and by downward leaching of silica from the bed, with 
partial deposition of such silica at or below the lowest ground water 
level. The balance of such silica is borne away by the leaching water, 
while further concentration of highly aluminous beds takes place by 
migration of iron oxide, or possibly hydroxide, out of the beds. 


Future Development 


In the past, uses for different clays have been determined technically 
from the general properties of dry strength, firing shrinkage, fired 
porosity, softening point, etc. The above hypothesis as to physical 
nature, and character and mode of origin, of refractory clays unfolds 
new possibilities for ceramic application. As we learn to interpret the 
properties of each clay through an understanding of its nature and the 
character of its origin, we may expect to gain new insight into its in- 
dustrial possibilities. 

The theory presented suggests the possibility that artificial concen- 
tration of aluminum hydroxide on a commercial scale, through removal 
of colloidal silica and hydrolysis of kaolinite, etc., may prove feasible, 
possibly by leaching of proper materials with suitable solutions. 

Note: The writer wishes to express his appreciation to Charles Reinhard Fettke, 
J. Spotts McDowell, M. S. Anderson, R. B. Sosman, and S. L. Galpin for counsel and 
many valuable suggestions. 

FinpLay CLay Pot CoMPANY 
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THE ORIGIN OF BEDDED PENNSYLVANIAN FIRE 
CLAYS IN THE UNITED STATES! 


By Fioyp Hopson 


ABSTRACT 

The bedded Pennsylvanian fire clays are practically all formed in the Pottsville 
and Allegheny series, and are associated more or less closely with coal beds, although 
all underclays are not refractory. 

Various theories have been advanced to explain the origin of these fire clays, but 
there seem to be serious objections to most of them. 

The author believes that the clays here discussed were mostly deposited in swamps 
and owe their purity to the leaching action of waters containing carbonic and organic 
acids, which leached out the iron, alkalis, etc. Such leaching would occur chiefly in 
those portions of the swamp where the water was circulating along channels. Differ- 
ential leaching would therefore explain variable composition in the underclays. 


Many papers have been written to explain the origin of fire clays 
associated with coal but they have usually been limited to explanations 
of occurrences and no attempt made to trace the changes in fireclay 
deposits over wide areas or to note their exact stratigraphic distribution. 
The purpose of this paper is to examine critically the theories which 
have been advanced to explain the origin of bedded Pennsylvanian fire 
clays in the United States, and if possible to give a résumé of the condi- 
tions and processes which were operative in their formation.? In order 
to do this, it is first necessary to collect and summarize the facts which 
are known concerning the distribution, occurrence, and character of 
these clays, and it may be stated here that this task has not been free 
from difficulty, because many of the published descriptions refer to iso- 
lated occurrences or developments, no attempt apparently having been 
made in many cases to trace the individual beds over large areas. 

Before entering into a detailed description of some of the more im- 
portant beds of fire clay, it might be well to state what is here included 
under this name, and to enumerate a few of the general facts which are 
considered in more detail later concerning the occurrence and char- 
acter of such deposits. These are as follows: 


Definitions 


(1) A fire clay, to be properly termed as such, should not fuse 
below 1670°C. (2) Most of the Pennsylvanian fire clays are overlain 
by coal, but published columnar sections show that the two are not 
always in direct contact with each other. (3) Many clays under coal 


1 Received March 18, 1927. 

2 The writer wishes to acknowledge his indebtedness to H. Ries for valuable 
suggestions and criticisms which have been very helpful in the preparation of this paper. 
This paper was written and left for publication before that by E. Lovejoy, “Theory 
of Coal Measure Clays”, Jour. Amer. Ceram. Soc., 8 {11}, 756-61(1925) appeared. 
Hodson’s paper has some things in common with Lovejoy’s theory, but goes farther. 
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beds are not refractory and so it is not correct to consider all under- 
clays as fire clays.' (4) Some clay or shale partings in coal seams are 
refractory. (5) Fire clays under coal beds may rest on sandstone, shale, 
limestone, conglomerate, or on other beds of coal. (6) Practically all 
Pennsylvanian fire clays and their associated sedimentary rocks are 
found in continental deposits or in alternating continental and marine 
beds.? (7) Beds of fire clay are often lenticular, and they may or may 
not be continuous over a large area. (8) There does not seem to be 
any definite relation of the refractoriness of a clay either to its thickness 


Marine Deposition 


Formation of Coal 
and Fire Clays 


Fie. 1. 


or to the quality of the coal with which it may be associated. There 
is sometimes a reciprocal relation between the thickness of a coal and 
its underclay, such that when the coal bed is thick, the underclay may 
be thin, and vice versa. (9) The quality of the fire clay does not seem 
to be influenced by the kind of sedimentary rock upon which it lies. 


Stratigraphic Distribution of Pennsylvanian Fire Clays 


Such generalities as the above are best understood by a study of 
Pennsylvanian stratigraphy and sections in different states. The 
accompanying paleogeographic map* shows the approximate distri- 
bution of land and sea in the Pennsylvanian period which was the time 
of the maximum coal formation in America. The dashed lines indicate 


1H. Ries, Clays, Occurrences, Properties, and Uses, p. 205 (1908). 
2 E, Suess, The Face of the Earth, Vol. II. Chap. V., p. 239 (1906). 
3 C. Schuchert, A Text Book of Geology, Part II, p. 743 (Historical Geology) 1915. 
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the area occupied by extensive shallow seas. The basin between 
the region of the Cincinnati uplift and the former land mass on 
the east (called Appalachia by Schuchert) was filled by the Appa- 
lachian sea which extended from Alabama to eastern New York. 
The basin to the west of the Cincinnati arch was occupied by the 
Mississippian sea which covered a greater area and included all 
the states of the Mississippi valley west of Ohio in which Carboniferous 
coal is found. These areas were transgressed by seas coming mainly 
from the southwest which at the time of the greatest submergence 
(early Pennsylvanian) covered nearly one third of North America.! 

To a greater or less extent the Pennsylvanian strata show alter. 
nations of marine and continental deposits.2, The Appalachian and 
Mississippian seas occupied oscillatory basins in which are found coal 
accumulations interbedded with marine and continental deposits. 

The total thickness of Pennsylvanian strata in the Appalachian 
area is greater than in the Central Basin and includes more conglomer- 
ates, sandstones, and sandy shales than in the latter region, because it 
was closer to Appalachia and clastic sedimentation prevailed. West 
of the Cincinnati arch the conditions of deposition were more normally 
marine and many limestones and calcareous shales are found, while in 
the Appalachian field very few limestones occur.® 

The Appalachian sea occupied a narrow, continuously subsiding 
basin. The retreat of the seas was due to the filling of the sinking areas 
by clastic sediments, to the accentuation of the emergence of Appa- 
lachia,* and perhaps to the continued uplift of the Cincinnati arch. 
The eastern aggrading seas often became brackish or fresh water 
marshes, which was particularly true of the Appalachian area.‘ 


Loading went on, and every now and then the continental region subsides sufficiently 
to permit an extensive areal invasion of marine waters, but the rivers constantly pushed 
their loads farther and farther seaward, so that there resulted an alternation of con- 
tinental deposits interspersed with limited marine zones. 


As the normal marine conditions disappeared, the swamps were of 
greater extent, and more coal and fire clay were formed than in the 
more marine phase. The seas occupied less and less area until in 
Permian time not more than 5% of the continent was submerged. 


1 J. D. Dana, Manual of Geology, 4th ed., 1895, p. 41; C. D. Walcott, Proc. Amer. 
Assn. Adv. Sct., p. 144 (1894); E. O. Ulrich and C. Schuchert, Rept. N. Y. State Pal., 
pp. 636-60 (1902). 

2 C. Schuchert, “‘Paleogeography of North America,” Bull. Geol. Soc. Amer., 20, 
496 (1910). 

3 C, Schuchert, ‘‘Paleogeography of North America,”’ loc. cit., p. 563; E. Suess, loc. cit. 

4 C, Schuchert, ‘‘Paleogeography of North America,”’ loc. cit., p. 496. 
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The Pennsylvanian is commonly subdivided as follows: Pottsville, 
Allegheny or Lower Productive Measures, Conemaugh or Lower 
Barren Measures, and Monongahela or Upper Productive Measures. 
The Dunkard (or Upper Barren Measures) is now placed in the 
Permian. All of these subdivisions of the Pennsylvanian may contain 
fire clay, but the main horizons of the different states do not always 
fall in the same series. 


Stratigraphic and Geographic Distribution of Pennsylvanian Fire Clays 


Practically all Pennsylvanian fire clays are found in the lower part 
of the system, namely, in the Pottsville and Allegheny series. In the 
northern part of the Appalachian area, Maryland, Pennsylvania, Ohio, 
and West Virginia coals are found in the upper part of this system but 
the underclays are usually too thin or impure to be valuable as fire 
clays. In the southern part of the Appalachian field the coals and fire 
clays are limited to the Pottsville. 

In the areas occupied by the Mississippian sea (Schuchert) the coal 
and fire clays are found also in the Pottsville and Allegheny series, 
but the fire clays are not as abundant either in number of beds or 
extent as in the Eastern area. In Michigan, coals but no refractory 
underclays are found. In Indiana and Illinois many valuable fireclay 
beds are found. Farther west in Iowa and Missouri very few highly 
refractory underclays occur. 


Pottsville Fire Clays 


Fire clays in the Pottsville are wide spread, and are found in nearly 
all states furnishing Pennsylvanian fire clays. 
Maryland In this state no fire clays are attributed to this series.! 
The Pottsville series is composed chiefly of sandstones 
and conglomerates, and includes several beds of shale 
and coal, the latter often underlain by shale and in instances by fire 
clay. The important fireclay beds are the Sharon, Mercer, and Alton. 
The Sharon clay is found in Elk and Mercer Counties; the Mercer 
in North Butte, Beaver, Lawrence and Mercer Counties; and the 
Alton in Elk County. 
Ohio? The Sharon, Quakertown, Lower Mercer, Upper Mercer, and 

io 

Tionesta coals are often underlain by fire clays. The Sharon 

clay is not used. The Quakertown clay is found in Summit, Portage, 


Pennsylvania? 


1 Personal communication, E. B. Mathews. 

2H. Ries, “Clays of the United States East of the Mississippi River,” U. S. Geol. 
Surv., pp. 66, 212-17 (1903). 

H. Ries, ibid., pp. 66, 192-93. 
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and Stark Counties; the Lower Mercer, in Stark, Tuscarawas, Mus- 
kingum, Holmes, and Hocking Counties; the Upper Mercer, in Hocking 
County; and the Tionesta clay at Union Furnace. The Upper Mercer 
coal is not very important, but the clay is very valuable and more 
persistent than the coal. 
Pottsville fire clays are found in the Piedmont field 
in northern West Virginia. Clays of this age are 
found in Mineral, Tucker, and Preston counties. 
The Olive Hill fire clay is found in Carter, Rowan, 
Greenup, and Elliott Counties and includes both flint 
and plastic varieties. This horizon is found near the top of the Potts- 
ville series and is the most important deposit in Kentucky. 

No fireclay horizons have been found in the Coal Measures 
Alabama®.. 

in Alabama.‘ 

Underclays are associated with practically all of the coal 
beds in Illinois, but refractory clays are only found at the 
base of the Pennsylvanian formation. The outcrops of these clays are 
in the western part of the state from Rock Island to Madison County 
and in LaSalle County in the northern central part of the state.’ The 
most important fireclay horizon is the underclay of No. 1 coal® and is 
called the Cheltenham clay. (Other important deposits are found 
higher up in the series.) The fire clay under No. 1 coal is Upper Potts- 
ville;? Coal No. 2 and higher horizons are correlated with Allegheny 
time.® 


West Virginia! 


Kentucky’ 


Illinois 


Indiana According to Logan,® 


There are some fire clays in the Pottsville of Indiana. These underlie Coal I and 
some of the rider veins of that coal. They also underlie the Block coals and Minshall 
coal. 


1H, Ries, Joc. cit., pp. 67, 252-53. 

2 A. R. Crandall, ‘‘Report on Greenup, Carter, Boyd, and a part of Lawrence Coun- 
ties,’ Ky. Geol. Surv., 100, 1-78 (1884); A. F. Crider, “Fire Clays and Fireclay In- 
dustries of the Olive Hill and Ashland Districts,” Ky. Geol. Surv., Vol. I, Pt. 2. Series 
4, pp. 589-711 (1913); A. M. Miller, ““The Geology of Kentucky,’’ Ky. Dept. of Geol. and 
Forestry, Frankfort, 1919, pp. 330-33; S. L. Galpin, ‘‘Studies of Flint Clays and Their 
Associates,’’ Trans. Amer. Ceram. Soc., 14, 301-46 (1912). 

3H. Ries, “Clays of the United States East of the Mississippi River”’, loc. cit., p. 64. 

4 See also Bull., No. 6, Ala. Geol. Surv., p. 80. 

5 E. F. Lines, ‘Pennsylvanian Fire Clays of Illinois,” Il]. State Geol. Surv., Bull., 
No, 30, p. 62 (1917). 

6 Ibid, pp. 61-73. 

7D. White, Report on Field Work Done in 1907, Ill. Geol. Surv., Bull., No. 8, 
p. 268 (1907). 

8 Personal communication, David White. 

® Personal communication, Logan. 
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Coals but no refractory clays are found in Michigan 
and Iowa. In Missouri all the refractory plastic 
clays are found near the base of the Coal Measures 
in the eastern portions of the State. The principal horizon is the 
Cheltenham fireclay bed. : 


Iowa,' Missouri,’ 
and Michigan*® 


Allegheny Fire Clays 


All of the Pennsylvanian fire clays in Maryland are 

Allegheny in age.‘ The principal fireclay bed, the Mt. 
Savage,® contains both flint and plastic clays. Mines are found in 
Savage Mountain and at Swallow Falls and Blaine in Garrett county. 
Fire clays occur in the following horizons: Clarion (?), Lower and 
Middle Kittanning, ‘‘Furnace,’”’ and Upper Freeport. The Bolivar 
fire clay’ at the top of the Allegheny series in the upper Freeport 
horizon occurs in Garrett County on Castleman river. 
This series includes the Brookville clay which is 
locally important and which is found in Clearfield, 
Elk, and Jefferson Counties; the Clarion clay in Indiana and Beaver 
Counties; the Ferriferous, in Armstrong County; the Kittanning, in 
Armstrong, Beaver, Tioga, Blair, Fayette, and Westmoreland Counties; 
and the Upper Freeport or Bolivar, in Allegheny, Armstrong, Beaver, 
Butler, Fayette, Indiana, Somerset, and Westmoreland Counties. With 
the exception of the last named, these clays are directly associated with 
coal seams. The Bolivar is the important flint clay deposit in Penn- 
sylvania and underlies the Upper Freeport limestone. It is widely 
distributed but not always refractory for its place may be taken by 
shale. The Kittanning is a valuable plastic fire clay occurring under 
the Lower Kittanning coal. 
Ohio? The distribution of the important fireclay horizons is as 
follows: the Brookville fire clay is found in Muskingum, 
Tuscarawas, Stark, Mahoning, and Perry Counties; the ferriferous 
limestone clay is not usually high grade; the Lower Kittanning, in 


Pennsylvania‘® 


1 Personal communication, Beyer. 

2H. A. Wheeler, ‘“‘Clays of Missouri,” pp. 246-48, Vol. 11, Missouri Geol. Surv., 
1896. 

3H. Ries, ‘Clays of the United States East of the Mississippi River,”’ Joc. cit., p. 66. 

4 Personal communication, E. B. Mathews. 

5H. Ries, ‘‘Report on the Clays of Maryland,”’ Md. Geol. Surv., Vol. 4, Part IT], 
441-57 (1902). 

6 Personal communication, E. B. Mathews. 

7H. Ries, “Clays of the United States East of the Mississippi River,’”’ U. S. Geel. 
Surv., p. 65. (1903). 

8 Ibid., pp. 66, 218-30. 

Ibid., pp. 66, 195-98, 
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Columbiana, Jefferson, Lawrence, Tuscarawas, Stark, Muskingum, 
Hocking, and Carroll Counties; the Middle Kittanning, in Jackson 
County; the Lower Freeport, in Perry County; and the Upper Freeport, 
in Columbiana County. Although the Brookville clay is very valuable 
it cannot compare in importance with the Lower Kittanning which is 
the great clay horizon of the state. The Middle Kittanning, Lower, 
and Upper Freeport clays are not very important. 
Refractory clays are found under the Upper Free- 
port and Kittanaing coals, but the beds are not 
extensive or persistent. They are found in Preston, Monongahela, 
Mineral, Tucker, Taylor, and Marion Counties. The Upper Freeport 
or Bolivar clay is important in Preston and Monongahela Counties. 
The Lower Kittanning clay is not of much value in West Virginia. 
Kentucky? Some fire clays of Allegheny age are of commercial 
value in northeastern Kentucky in Boyd, Morgan, 
Carter, and Lawrence Counties. These are usually plastic clays, and 
are associated with the ferriferous limestone. 
Alabama’ No fire clays are found in the Allegheny series. 
Although the important fireclay horizon is in the Pottsville, 
several valuable beds of fire clay are found under coals in the 
Carbondale, or Allegheny series, which include the beds from the 
bottom of the No. 2 coal to the top of No. 6 coal. The underclay of 
coal No. 2 is worked in LaSalle and Grundy Counties and in Mc- 
Donough county.® 
Allegheny fire clays are sometimes important, being found 
under coals II, IV, and V. They are especially valuable in 
Clay County.® 
Iowa,’ Missouri® No highly refractory clays are found in this 
and Michigan® horizon. Beyer’ says: 


West Virginia’ 


Illinois 


Indiana 


1H. Ries, “Clays of the United States East of the Mississippi River,” Joc. cit., 
pp. 67 and 253. . 

2 A. R. Crandall, loc. cit., A. F. Crider, loc. cit., S. L. Galpin, loc. cit., A. M. Miller, 
loc. cit. 

3H. Ries, “Clays of the United States East of the Mississippi River,’’ Joc. cit., 
p. 64 (1903). 

4 E. F. Lines, ‘‘Pennsylvanian Fire Clays in Illinois,” loc. cit., p, 73. 

5 C. W. Parmelee and C. R. Schroyer, ‘‘Further Investigation of Illinois Fire Clays,”’ 
Ill. Geol. Surv., Bull., No. 38, p. 104 (1921). 

6° H. Ries, “Clays of the United States East of the Mississippi River,” Joc. cit., 
p. 99 (1903). 

7 Personal communication, Beyer. 

8 H. A. Wheeler, Joc. cit., p. 246. 

Ries, ‘Clays of the United States East of the Mississippi River,” cit., 
p. 66 (1903). 
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The Des Moines stage contains nothing in the way of fire clays that are truly re- 
fractory. 
In the same communication he says clays usually lie below coal beds 
or at least ‘“‘blossoms,’’ but several are known which have no coaly 
streak immediately above them. He also writes, 

The Des Moines stage would correspond perhaps as much to the Allegheny of the 
East as any formation. The “‘fire clays” of this series of rocks do not as a rule show great 


persistence. They do not pass into other clays according to my observations but usually 
pinch out. The only common tendency in transition is into sandstone. 


Origin 

Worthen! in discussing the coals and fire clays in 
Illinois says that the coal seams are usually underlain 
by a bed of fire clay which varies in thickness from a few inches to ten 
or twelve feet, and that this clay was the original soil on which grew 
the vegetation that formed the coal. It is often penetrated by rootlets 
of the ancient Carboniferous trees, whose trunks and branches have 
contributed to form the coal. 

Lesley? assumes that a peat bog, or a lake invaded on all sides by 
vegetation, must have a water circulation set up by evaporation from 
the central surface and percolation from the surrounding land. But 
the circulation must be feeble, capable of carrying only the finest mud. 
In the course of ages the amount of fine homogeneous clay transferred 
to the peat filling hollows must be very large. In the dry grounds 
surrounding the basin only the feldspar content is soluble; all the in- 
soluble minerals are left behind. The soluble material follows the in- 
draft and settles beneath the evaporating surface through and beneath 
the floating peat. 

If the coal basin is surrounded by clay land, the percolation is re- 
reduced to a minimum, as is also the solution of the feldspar in the 
area around the basin. In this case the supply of water to the pool 
or marsh is from the land surface and not from underground, so that 
under such conditions the incoming rain water must be less muddy, 
and the deposition of underclay reduced to a minimum. 

This might be stated as a law: when a coal bed has a heavy under- 
clay, the margins of its basin were probably sand or gravel banks. 
When a coal bed has a small underclay deposit, it grew within a circle 
of older tight clay deposits. This corollary follows: that the thickest 
underclays should belong to beds next or near above the great sand- 
stone members of the system. He states that it is a fact that the 
largest and most persistent fireclay beds belong near the base of the 


Earlier Theories 


1 A. H. Worthen, Ill. Geol. Surv., Vol. I, p. 59 (1866). 
2 J. P. Lesley, Lawrence County Report (Preface). Second Geol. Surv. of Pa., 1878. 
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Lower Productive Coal Measures. The few great fireclay deposits 
higher in the series have other coarse-grained sandstones not far below 
them. 

Another logical consequence of such a supposed law would be that 
the sandstones lying stratigraphically close below great underclays 
should be composed of more open, purer sands and gravels than others 
which had not been robbed of so large a quantity of interstitial clay. 
Where the surrounding land was not only sandy or gravelly, but con- 
tained iron, ‘‘ball ore’’ might be expected in the fire clay. 

Wheeler! explains the peculiar properties of underclays as being due 
in large part to the action of water plants which flourished on the sub- 
merged or underclay soil. He says that it is a well-established fact that 
aquatic vegetation removes from the soil all or nearly all of the alkalis, 
iron, sulphur, and a considerable percentage of the silica, leaving finally 
a light-colored clay rich in alumina. The relations of a coal to its under- 
clay! indicate clearly that the white layers are to be regarded as the soil 
which supported the luxuriant plant growth of the ancient marshes, 
just as at the present time there is found at the bottom of many peat 
bogs a fine clay of similar character. 

Hopkins? says in discussing the origin of the Coal Measure fireclay 
deposits, that the explanation commonly offered is that they are the 
soil on which the coal-forming vegetation grew, and the leaching and 
reducing action of the organic acids from the living and decaying 
vegetation changed the common clay to refractory fire clay. 

The deoxidizing and leaching action of both living and decaying 
vegetation is illustrated in many bogs and swamps of the present 
and in a less degree in the meadow and forest soil. The organic acids 
of the vegetable matter are strong reducing agents and under their 
action the red and yellow ferric oxides are changed to the lower gray 
and bluish ferrous oxides, in which form they are soluble in the acids. 
Where there is sufficient circulation the iron may either be carried 
away in solution or segregated into beds of iron ore. 

Fragments of minerals carrying alkalis and alkaline earths may be 
broken up by the vegetable acids into separate compounds and the 
alkaline substances dissolved in the water which will be in part carried 
away in solution and in part taken up by the plants and held in the 
carbonaceous matter of the muck in the bog of the present, or in the 
coal bed of an older period. If there is better drainage into than out 
of the bog, the iron leached from the surrounding region may be carried 
into the bog and deposited as an iron ore.* When this occurs the gen- 

1H. A. Wheeler, Joc. cit., p. 46. 


2 T. C. Hopkins, “Origin of Coal Measure Fire Clays,’”’ Amer. Geol., 28, 47 (1901). 
3 Ibid., p. 48. 
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eral order of occurrence as stated by Hopkins! is underclay, which is 
overlain by iron and followed by coal. Any of these or any two of them 
may be missing, but the clay is more likely to be found than the others. 
That is, in some places coal seams occur without any underlying clay 
and in many cases the clay occurs without any overlying coal. Again, 
it frequently happens that the clay may form one or more partings 
in the coal bed, as in the Pittsburgh coal in southwestern Pennsylvania 
and in West Virginia where there are persistent fireclay partings which 
are regular in thickness and extend over wide areas. 

Hopkins thinks that this explanation may not apply to some de- 
posits of fire clay, for in certain ones, there are some phenomena in 
connection with the occurrence of fire clays and the coal seams which 
are difficult to harmonize. Thus, if the fire clay is the soil on which the 
coal-forming vegetation grew, it is hard to explain (1) the occurrence 
of fireclay beds free from coal of any kind, (2) that such clay is fre- 
quently of better quality and more refractory than that which is over- 
lain by coal, (3) the great thickness of some beds, and (4) the coal 
seams deposited on yellow shales or sandstones entirely independent of 
any kind of fire clay. 

Fireclay beds which are not overlain by coal occur in considerable 
numbers in Clearfield, Indiana, Westmoreland, Clinton, and Tioga 
Counties in Pennsylvania. The presence of the fire clay and the absence 
of the coal in these cases might be accounted for by one of these rea- 
sons: (1) the carbon might have been oxidized before the overlying 
sediments were deposited; (2) the carbonaceous matter had been eroded 
before the deposition of the next stratum; or (3) according to his theory 
the clay was fire clay before it was deposited; in other words, it was 
changed to fire clay in some other locality and was then eroded, trans- 
ported as sediment and deposited in its present position in much the 
same condition as it is at present. 

He says that it is a matter of observation that the most refractory 
clays in the Coal Measures are found among those which have no coal 
overlying them. This may be due partly to greater original purity 
and partly to a leaching action subsequent to the elevation of the land. 
The texture of clay is not favorable to the rapid percolation of water, 
but slow circulation through a long period of time may accomplish 
the same result. The accumulation of the.iron carbonate (‘‘ore-balls’’) 
so abundant in some places, shows that the water does percolate through 
the clay to some extent. Where the clay is overlain by coal the tendency 
is often the opposite and iron is carried into the clay from the oxidizing 
pyrite in the overlying coal. 


1T. C. Hopkins, loc. cit., p. 49. 
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Concerning the third phenomenon which is difficult to explain, 7.e., 
the great thickness of some clay beds, which in some deposits may be 
thirty feet or more, Hopkins says that one can hardly conceive how 
the vegetation growing on the top of a deposit of this thickness would 
extract the iron and the alkalis from the entire body of the clay. 
If the fire clay were formed in this way one would naturally expect 
the upper part to be the purest and at least a considerable portion of 
the middle and lower parts to be unchanged. He says, however, that 
insofar as there is a difference the lower part is likely to be the best 
clay and the poorest clay at the top. 

He states that at Blossburg, Pennsylvania, there is a bed of fire clay 
fifteen to twenty-five feet thick with no coal or carbonaceous matter 
associated with it, and no fossil plant remains in it. The laminated 
structure of this deposit is additional evidence in support of the belief 
that the clay was fire clay at the time of its deposition and not clay 
that has been changed in situ. 

Concerning the fourth objection, 7.e., coal without underclay, he 
states that coal is usually underlain with clay of some kind, but that 
in many instances it is not refractory. Sometimes there is no underclay 
of any kind with the coal, the latter being both underlain and overlain 
by a ferruginous sandstone, which frequently contains no evidence of 
plant remains nor of the leaching action of the reducing acids. 

In summary of his theory that many fire clays were fire clays at the 
time of deposition he says, 


In view of the above statements it appears to the writer that the occurrence of a not 
inconsiderable portion of the fire clays is better explained by considering them as trans- 
ported clays before deposition. This does not invalidate the common supposition that 
many of the fire clays are formed in situ by the action of the vegetation of the coal beds, 
but not all of them are satisfactorily explained in this way. Furthermore the refractory 
quality of many of the clays has probably been increased since the elevation of the land 
areas by a leaching out of the fluxing materials due in part to the topographical position 
of the beds near the hilltops and in part to a stratigraphical position that permits the 
access of the acidulated waters, 


Arber' suggests that underclays are marine and brackish water 
oozes deposited in estuaries like the black oozes of the nipa and man- 
grove swamps of the present day. Moore? finds an objection to this 
theory in that it does not explain why they are found only in their 
present position with reference to the coal. 

1E. A. N. Arber, The Natural History of Coal, p. 91, 1912, cited by Moore: 
Coal, etc., p. 154 (1922). 

2 E. S. Moore, Coal, Its Properties, Analysis, Classification, Geology Extraction, 
Uses and Distribution, p. 154 (1922). 
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Stevenson! thinks that the formation of fire clays is due to the work 
of atmospheric agencies prior to deposition. Long exposure of rocks 
causes deep disintegration and decomposition. The widely distributed 
Kittanning clay followed the Vanport subsidence which had to be 
preceded by a long period of quiet or of local elevation. When the dis- 
integrated materials were removed, the finest clays were deposited by 
themselves, carrying with them the impalpable humus of the soils. 
The strange irregularities exhibited by beds in the closing portion of 
the Beaver are evidence of a similarly long exposure for great areas 
and afford reason for applying the same explanation to the other great 
deposit. The conditions may have been similar elsewhere and may 
account for clays under coal beds as well as at horizons where deposi- 
tion of clay was not followed by conditions favoring accumulation of 
coal. 

Stout? has advanced a somewhat unique theory that fire clays are 
the residue left by the oxidation of beds of vegetable matter. 

In developing this theory he points out the regularity of association 
of coal and fire clay, and the interbedding of the two in many deposits. 
He takes this as an indication that at least some of the conditions of 
formation were constant during the entire period. 

Other striking features noted by him are the constancy of composi- 
tion of fire clays from different horizons, the silica-alumina ratio ap- 
proaching that of kaolinite. Furthermore he notes a curious similarity 
in the quantity of kaolinite in the best clays and in the ash of pure 
coals, this compound in both cases constituting over 90% of the 
material. Loss of a few per cent of the fluxes in coal ash, would leave 
a composition almost identical with that of underclays. He thinks that 
oxidation of the vegetable matter in the presence of water, or leaching 
of the plant tissue, would remove at least a part of these fluxing im- 
purities. In brief, oxidation of the vegetable matter, and removal of 
the impurities during the process, would reduce it to the composition 
of an underclay. 

To sum up, then, clays were formed in the swamps when the plant 
remains underwent complete oxidation, and peat (coal) accumulated 
during those periods when the vegetable tissue was preserved. In 
other words there was no break in plant growth, but only a change in 
chemical conditions, clays representing oxidation periods and coal 
preservation periods. 


1 J. J. Stevenson, ‘‘The Formation of Coal Beds,” Proc. Amer. Phil. Soc., 50 [1], 
1-116 (1911); 50[2], 519-643; 51[3], 423-553 (1912); 52 [4], 31-162 (1913). 

2 W. Stout, ‘‘Theory of the Origin of Fire Clays,’’ Trans. Amer. Ceram. Soc., 17, 
557-91 (1915). 
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This statement of the theory of the origin of fire clays does not even 
mention that clastic material might become constituents of fire clay. 
However in discussing the relations of the Sciotoville (Ohio) clay de- 
posits with the associated coal, the following are given as possible 
conditions for the formation of a fire clay. 

(a) Clays were originally laid down as shale deposits; then the plant life growing 
on these shale soils removed by direct or indirect action the greater part of the basic 
material and some silica. 

(b) That the shale sediments were slowly but more or less continuously deposited 
throughout the whole swamp period, during which plant life flourished and through 
whose action, directly or indirectly, these infiltrating sediments were broken down with 
the loss by solution of bases and silica. 

(c) The contribution of claylike material made by the plant itself, .e., if the vegetable 
matter was completely oxidized, was the residual! ash a claylike material? 

He holds that the first condition is untenable and analyses are given 
to show that 
a clay is not a shale with the bases extracted because in the shale there is an excess of 
silica over and above that of the clay." 

He grants that the second condition might be true but lays no stress 
on it in his conclusion, as the principal cause to be considered is the 
plant ash. 

The discussion of the second condition is divided into two parts. 
The first concerns the deposition of the clastic sediment proper and the 
second the leaching action of plants on these sediments. Since the 
coal basins are comparatively small, the land areas were able to supply 
a large amount of sediment. There was some circulation in the swamps 
which aided in the deposition of the clastic sediments. The action of 
the plant was to take up calcium, phosphorus, potassium, magnesium, 
iron, silica, and smaller amounts of sodium, aluminum, and titanium. 

The mineral ingredients are taken up by the root hairs of the plants 
as soluble compounds, part of this material being incorporated in the 
tissues of the plant and part remaining in the sap fluids. The infiltrating 
sediments would be entrapped by various floating types of plants, by 
root hairs of plants growing on the bottom and by the surface roots 
of trees. The mineral elements would be extracted from these elements 
especially during periods of oxidation. This action according to Stout 
means the breaking down and extraction of bases and probably silica 
from the feldspars, micas, amphiboles, pyroxenes, olivines and other 
types of minerals. During the chemical rearrangement, the silica would 
be in a favorable condition for plant assimilation. One of the principal 
results of the weathering of such minerals would be kaolinite. The 
extraction of bases and acids found in plants from normal clastic 


1W. Stout, loc. cit., p. 570. 
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sediments would leave a product approaching in composition that of 
normal fire clays. Thus, “‘shale’’ sediments' which were slowly but 
more or less continuously deposited throughout the whole swamp 
period, were acted upon directly or indirectly by the plant life and 
broken down with loss of bases and silica into clays. 

The third factor is a contribution rather than a condition, which is 
the claylike ash of the plant and is similar in composition to the ash of 
many coals. 

Stout in conclusion makes the following claims for his theory: 


(a) No break in the plant life is required during the deposition of clay and coal, 
only a change from oxidizing to preserving conditions. 

(b) This origin of the clays explains partings found in coal strata. 

(c) It accounts for the constancy of clay and coal. 

(d) The gradual building up of clay deposits gives a eause for the varieties of clays. 
In the pure clays, the plant ash is considered an important if not the predominating 
factor. In the intermediate varieties, the character of the clay in a general way depends 
on the rate of deposition and character of the clastic sediments, or the extent of the 
direct and indirect action of the plant life, and on the residue contributed by the decayed 
organic matter. The character of the impure clays of substrata depends primarily on 
root action only. 

(e) Repetition of similar conditions evidently in force during the preservation of the 
different coals accounts for the occurrence of pure clays at different horizons. Due to 
the persistency of conditions, clays like coals may be similar in composition over wide 
areas. 

(f) This origin explains the important chemical and physical properties of these 
clays. 

(g) The clays account for a part at least of the oxidizing plant life that flourished 
during Coal Measure time. In a general way the clays are a measure of the amount of 
plant life. 

Flint Cla So far only theories relating to the formation of plastic 

, y fire clays have been considered, but in the Carboniferous 
strata there are found many valuable deposits of nonplastic or ‘‘flint 
clay.” In Maryland,? Pennsylvania,*? Ohio,‘ Kentucky,’ West Vir- 
ginia,® and Missouri’ valuable deposits of nonplastic fire clays are 

tW. Stout, loc. cit., p. 578. 

2 H. Ries, ‘‘Report on the Clays of Maryland,’’ Md. Geol. Surv., 4 [3], 494 (1902). 

3 T. C. Hopkins, ‘Clays of Western Pa.,” Ann. Rept., Penn State College, 1897; 
E. F. Lines ‘Pennsylvanian Fire Clays of Illinois,’’ loc. cit.; E. W. Shaw and M. J. 
Munn, “Foxburg Quadrangle,’ Pa.,’’ U. S. Geol. Surv., Bull., No. 454 (1911); L. H. 
Woolsey, ‘Clays of the Ohio Valley in Pa.,”” U. S. Geol. Surv., Bull., No. 225, pp. 
463-81 (1903). 

4 J. S. Newberry, ‘Geology of Ohio,’’ Ohio Geol. Surv., Vol. 3, 1878. 

5 A. F. Greaves-Walker, ‘‘The Flint Fire Clay Deposits of Northeastern Kentucky,” 
Trans. Amer. Ceram. Soc., 9, 461-72 (1907); W. C. Phalen, ‘Clay Resources of North- 
eastern Kentucky,” U.S. Geol. Surv., Bull., No. 285, 412-27 (1905). 

6 C. P. Grimsley, ‘‘Clays of West Virginia,’’ W. Va. Geol. Surv., Vol. 3, 1906. 

7H. A. Wheeler, Joc. cit. 
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found. The theories which have been advanced to explain these de- 
posits include the following: 

Wheeler! thinks that the Missouri flint clays (the geologic age of 
which is doubtful) are primarily sedimentary deposits in sink-holes. 
Later they have been slightly altered chemically by leaching, with a 
recrystallization of the kaolinite. The clay was the residual clay derived 
from the chemical disintegration of the limestones in which they occur. 
The sink-holes in which this clay collected became clogged and the clay 
was constantly exposed to the prolonged action of surface waters with 
a greater or less charge of carbonic acid which would have a strong 
solvent action on the lime, magnesia, iron, alkalis, and seemingly 
so on the silica. The impalpable fineness of the clay which was deposited 
in quiet basins would prevent it being laminated. As the water-filled 
sink-holes are usually remarkably free from growing vegetable matter, 
there was no opportunity for a sufficient accumulation of organic 
matter to discolor the clay and hence the usual whiteness of the clay 
when not contaminated with iron. 

Greaves-Walker® says that the Kentucky deposits of flint clay bear 
out in every particular, the theory that flint clays were laid down in 
ponds. All the deposits appear lenticular in shape. 

Galpin’ believes that flint clays have been formed by the recrystal- 
lization of fine-grained sediments, probably in colloidal form, which 
have been purified by carbon dioxide in the water which transported 
them, and by the leaching action of plant roots. The mineral products 
of recrystallization are kaolinite and hydrated micas. The ‘‘semiflint”’ 
clays have been derived from flint clays through metamorphism by 
pressure and heat, which changed much of the kaolinite into hydro- 
micas and produced in them a coarser microcrystalline structure than 
that of the original flint clay. The plastic fire clays associated with 
flint clays have resulted from long weathering of the ‘“‘semiflint’’ clays. 
In reviewing the theories which have been advanced 
it is not the purpose to refute any hypothesis or theory 
for the origin of fire clays; rather, the aim is to search 
for valid explanations. Yet it seems well to mention a few of the weak 
points in the preceding theories before considering the formation of 
fire clays more in detail. 

Worthen’s theory does not satisfactorily explain the fact that the 
middle and lower parts of a fireclay bed are often better than the upper. 
As Stout has pointed out, this is contrary to what would be expected 
if the underclays were purified by the vegetation growing on them, as 


A. Wheeler, Joc. cit. 
2 A. F. Greaves-Walker, Joc. cit., p. 463. 
3S. L. Galpin, loc. cit., p. 463. 
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this would tend to leach the upper rather than the lower part of the 
bed. Also, thin beds of fire clays of poor quality are found under thick 
coals and thick beds of good fire clay may be found under thin coals. 

Lesley’s theory that fire clays are due to clay material having been 
carried by meteoric ground waters percolating into the coal-forming 
basin may explain the absence of feldspathic constituents in many 
sandstones associated with coal seams, but it is more likely that surface 
streams have carried in more fireclay material than have the under- 
ground waters. 

This objection can be urged against Wheeler’s theory of the origin 
of plastic underclays, that if the clay has been rendered refractory by 
action of the aquatic vegetation which grew on it, greater purification 
of the clay should have occurred toward the top of a thick deposit. 
But the more refractory clays are often found in the lower part of a 
thick deposit. Under thick coals indicating luxuriant vegetation the 
underclay may be very impure. 

The theory advanced by Hopkins is satisfactory for some deposits, 
but he considers it to hold for a large percentage of the occurrences of 
fire clay. If the clay was fire clay before it was deposited in the coal- 
forming basin, where could so much fire clay be found in the regions 
around the basins, especially if the great amounts of sandstone in the 
sections are considered? Leaching of the clays since the elevation of 
the land does not seem a very strong point because fire clays are almost 
impervious. Moreover, the circulation of meteoric water through the 
ferruginous sedimentary rocks associated with fire clays might introduce 
impurities into the clay rather than make the clay more pure by leach- 
ing. 

Stevenson’s suggestion that the formation of fire clay is due to the 
work of atmospheric agencies prior to deposition does not seem to be a 
sufficient cause to account for the formation of fire clays, if only the 
weathering processes are considered, as few known residual clays, and 
especially those from sedimentary rocks are refractory enough to be 
called fire clays. 

There are many good arguments in Stout’s theory, and also many 
objections which can be urged. If underclays are the result of the oxida- 
tion of coal or accumulated plant life in elevated areas where the 
plant debris could not be preserved,- any accumulation of plant 
ash in such areas would tend to be removed by denudation processes 
and carried to the areas of depression or coal-forming basins. If fire 
clays represent primarily the accumulation of mineral matter in plants, 
then thick beds of fire clays would represent a greater thickness of coal 
than is ever encountered in the Appalachian bituminous coal field. 
The mineral matter in the commercial coal from this area seldom ex- 
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ceeds 10% and usually it is much less. To obtain a bed of fire clay 
five feet thick would require fifty feet or more of coal or many times 
that amount of unconsolidated peat, neglecting any loss from erosion 
or leaching of the elevated area. 

Fireclay partings due to local areas of oxidation would require the 
oxidation of more coal than was being formed in the immediate sur- 
rounding areas where the parting is not found. A parting one foot thick, 
if due to such a cause, would require the oxidation of ten to fifteen 
feet of coal; and this additional thickness should be found in the 
surrounding coal forming areas if there was no change in the plant 
life as Stout suggests, since the difference was only one of preservation, 
coal being formed in the one case and fire clay in the other. 

In trying to show that the silica-alumina ratio in fire clays generally 
approaches that found in the mineral kaolinite, it is doubtful if that 
can be applied to a majority of underclays, other than flint clays. Re- 
fractory flint clays more often show a lower silica content than do the 
more common plastic fire clays. Flint clays are seldom found under 
thick coals. Even in the analyses given by Stout (in which flint clays 
are included), there is generally an excess of silica. It does not seem 
that he is justified in disregarding the excess silica in his statement 
that the silica-alumina is fairly constant in fire clays and approaches 
that of the mineral kaolinite. This may be true for many flint clays too, 
but the great proportion of underclay is not flint clay. In considering 
the more common plastic refractory underclays, there is usually a 
greater proportion of silica to alumina than is found in the mineral 
kaolinite. 

The use of the term kaolinite seems to be indefinite. In comparing 
a series of tables to show the similarity in chemical composition of 
kaolinite, fire clay, and the ash of pure coals, he reaches the conclusion 
that there is a striking similarity in the amounts of kaolinite for the 
ash of pure coals to the amounts shown for the best clays. It is doubtful 
whether the ash of coals can be shown to contain much of the mineral 
kaolinite. Also he says that oxidation and leaching would mean the 
breaking down and extraction of bases and probably silica from the feld- 
spars, micas, amphiboles, pyroxenes, olivines, and other types of miner- 
als. During chemical rearrangement, the silica would be in a favorable 
condition for plant assimilation. One of the principal results of the 
weathering of such minerals would be kaolinite. Again it seems doubtful 
if kaolinite would result from the weathering of many of these minerals. 

Stout states that clays would be formed in swamps when the plants 
underwent complete oxidation. It does not seem probable that exten- 
sive swamps could exist if conditions were favorable for complete 
oxidation of vegetable matter. 
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He grants that some sediment may be carried into the swamp and 
that this would be purified by organic and chemical processes, which 
would remove iron, alkalis, and silica. If such impurities were re- 
moved from dust which would settle in the swamps or from clay sedi- 
ment, a kaolinite-like product resembling plant ash might be obtained. 
The objection is made that fire clays are not shales leached of alkalis, 
because the Coal Measure shales show an excess of silica. Paleozoic 
shales usually show a greater amount of silica’ than is found in most 
fire clays, but some of the excess silica in shales may be due to sand 
grains which would not be carried far in the sluggish waters of the 
swamps. Moreover, the same processes which Stout mentions as puri- 
fying the infiltrating sediments, would also hold for clay sediments 
washed into the swamp from the surrounding drainage areas. 

He states as a point in favor of his theory that coals and fire clays 
often show great constancy in composition and character over wide 
areas. The opposite is equally true even for the same coal in rather 
limited areas. Stevenson? gives examples and states that most coal 
horizons show extreme variations which at times are abrupt, so that 
a sample from one locality may have but 5% ash, another, only a 
short distance away may have 25%. The Bernice coal basin® in 
Sullivan County of Pennsylvania affords a good illustration of varying 
composition due to the influence of local conditions. The basin was 
described by Platt* and the analyses were made by McCreath.° 

Among the possible conditions for the formation of a fire clay, 
Stout says (1) that clays might have been laid down as “‘shales’’ and 
later purified or (2) that ‘shale sediments’’ might have been continu- 
ously deposited throughout the whole swamp period. It is not possible 
for a clay to be deposited as a shale for the latter term implies con- 
solidation of clay sediment. . 

He considers that the first condition is untenable and gives analyses 
to show that a clay is not a shale with the bases extracted because there 
is an excess of silica. He overlooks the fact that shales of all composi- 
tions from high to low silica content may be found. 

If fire clays are due primarily to the oxidation of plant life when an 
area was uplifted, it seems unreasonable to have a region elevated and 
submerged as many times as would be necessary to explain the occur- 
rence of many beds of underclay and fireclay partings found in some 
regions. Although it is to be doubted if plant ash is the principal 


1 F. W. Clarke, ‘‘Data of Geochemistry,’’ U. S. Geol. Surv., Bull., No. 616 (1916). 
2 J. J. Stevenson, ‘‘The Formation of Coal Beds,”’ loc. cit., p. 102. 

3 Iind., p. 96. 

‘ R. Platt, Report GG. Second Geol. Surv. of Penn., 1879. 

5 A.S. McCreath, Report MM, Second Geol. Surv. of Penn., 1879. 
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cause of fire clay, yet this does contribute to its formation as shown by 
the work of Mietzsch! and Kratzmann.? 

Wheeler’s theory explaining the origin of flint clay applies to a fire 
clay which is unique in its occurrence. Since these clays are not as- 
sociated with coal-forming conditions and the age of the deposits is 
not definitely known, it is not advisable to try to explain their origin 
by theories which apply to the formation of Pennsylvanian flint clays 
associated with coal. 

Galpin has done the most recent work on flint clay. His conclusion 
that “‘semiflint’’ clay is derived from flint clay through metamorphism 
by heat and pressure is hard to understand because of the irregular 
relation of the “semiflint’’ to flint clay from which it is supposed to 
have been formed. If the result of the metamorphism was to change a 
part of the flint clay to “‘semiflint,”’ it is hard to understand why the 
entire bed was not metamorphosed to ‘“‘semiflint’’ in that particular 
locality. Instead, the “‘semiflint’’ clay may be found below the flint 
clay, or above it, or both above and below the flint clay in the same 
columnar section. 

Also his conclusion that plastic fire clays associated with flint clays 
are derived by the long weathering of the “‘semiflint’’ clays applies 
only to those occurrences where the flint clay passes into plastic clay 
on the outcrop. It does not for example apply to cases where the 
plastic clay occurs below the ‘‘semiflint’’ which is overlain by flint 
clay, as in the mines of the Kentucky Fire Brick Co., at Haldeman, 
Ky., and in one of the mines of the Ashland Fire Brick Co., at Enter- 


prise, Ky.; or where it may occur directly above the flint clay which 
is underlain by ‘“‘semiflint’’ as in the No. 2 Mine of the General Re- 


fractories Co., at Morehead, Ky. 


Formation of Fire Clays 


To review the more important factors which 
were operative in the formation of fire clay 
in Pennsylvanian time in the United States 


Influence of Swamp and 
Coal-forming Conditions 


the following should be mentioned: 

Coals and fire clays were being formed in oscillatory subsiding 
basins. Occasionally marine conditions alternated with continental 
deposition as interstratified marine and continental formations testify. 
Swampy conditions and a luxuriant vegetation prevailed. The most 

1H. Mietzsch, Geologie der Kohlenlager, pp. viii, 292, Leipzig, 1875. 

2 E. Kratzmann, “Der mikrochemische Nachweis und die Verbreitung des Alumi- 
niums in Pflanzenreich,”’ Sitzungs. K. Akad. der Wissen., Wien, 122 [2], 311-36 (1913). 
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important plants were lycopods and equiseta,! the former being much 
more abundant. When an area was submerged or converted into a 
swamp it either had a residual soil as a floor, or received residual soil 
from the drainage area around the swamp. 

In the swamp the decay of vegetation, either allochthonous or 
autochthonous, formed complex humic or organic acids, and liberated 
carbon dioxide, which being soluble in water would form carbonic acid. 
Percy? gives some quantitative analyses of the gases liberated when 
vegetable tissue is converted into peat. The analyses were made by 
Websky’ who gives the composition and weight of the gases evolved 
in a bog in Griinewald, as CO, 5.57%, CH, 30.04%, and Ne 64.39%. 
He says that since carbonic acid dissolves in water to a much greater 
extent than the marsh gas or nitrogen, it is not to be expected 
that an analysis of the bubbles of gas evolved from the bog would 
exactly indicate the true proportion of the gases produced. 

The original soil and all infiltrating sediments would be attacked 
by these acids which removed some of the iron and alkalis especially 
if the iron and alkaline content was small. Under certain conditions 
the acids would not be able to remove much of the iron, alkalis, or 
fluxes, which might be the case if the swamp had little or no drainage, 
and would result in the dissolved iron and other impurities being 
deposited through concentration or by bacterial action. 

A brief résumé of the conditions in swamps and peat bogs will be 
given as some believe that the modern peat bog is to be taken as the 
analogue of the ancient coal bed. The vegetation is dissimilar, but 
that is not important, as the same organic materials are common to 
all plants. Landplant material, be it of one sort or another, gives peat 
under the proper conditions. Everywhere the final result of decomposi- 
tion is the same; the plant material is converted into a mass of organic 
acids and salts, enclosing large or small woody fragments of resistant 
composition. Peat beds may have definite ‘‘benches’’ due to clay 
partings such as are found in coal beds, the passage from one bench 
to another being quite abrupt. There are often distinct partings 
consisting of a crust formed during periods of dryness, when growth 
of peat is checked and oxidation succeeds and this crust persists after 
growth has been resumed. Its character is very similar to that of 
the thin partings in the Pittsburgh coal bed, which consists of mineral 


1 J. J. Stevenson, ‘‘The Formation of Coal Beds,’’ Proc. Amer. Phil. Soc., 52 [4], 
106 (1913). 

2 J. Percy, Metallurgy, Introduction, Refractory Materials, and Fuels, pp. 215-16, 
London, 1875. 

§ Websky, Erdmann’s Journal fiir praktische Chemie, 92, 76-77 (1864). 

4 J. J. Stevenson, Joc. cit. p. 150. 
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charcoal with mostly impalpable organic matter such as would remain 
after oxidation of vegetable substance. In modern peat bogs the clay 
floor is often leached.! 

The partings and underclays vary in composition 
due to the different primary mineral constituents 
and to the changes which they have undergone, 
after their arrival in the coal forming swamp. 
Kendall? recognizes three sources of the mineral substances found in 
coal seams: (1) the residue of the actual mineral constituents of the 
plants composing the coal; (2) detrital mineral matter (clastic sedi- 
ments) generally mud or dust carried into the area of the coal-forming 
basin; and (3) secondary veins of such minerals as calcite or pyrite 
which are sometimes found in coal seams. 

There is a great variation in the ash of coals, just as there is great 
variation in the clays associated with coals: There often seems to be 
an intimate relation between the two. Dunn‘ in discussing the com- 
position of coal ash says that great variations occur; that the ash is gen- 
erally a complex mixture of silicates, but he had had one sample which 
was practically pure china clay and another which contained over 
80% ferric oxide. This variation in the ash of coals is interesting because 
of the influence that the mineral matter which is carried into the 
swamps from areas where the plant life is oxidized, has upon the quality 
and quantity of the underclays and fireclay partings of coal beds. 
Also the ash of coal has another important bearing upon the formation 
of fire clay, for it indicates that certain plants remove certain elements 
and minerals from the sediment and water in the swamp. This mineral 
content is not completely returned to the clays or water in the swamp 
when the plant dies, for some of it is held by the plants which make the 
peat or later form the coal. The amount of this inorganic matter held 
in the coal beds varies immensely. 

A study of the kind of inorganic matter which 
is held in plants shows that its nature 
depends largely on the kind of plant. In 
nearly all cell-walls of plants at least a 
minute proportion of mineral matter is incorporated with organic 
molecules‘ and in some plants widely, and in many other locally, 
excessive deposits of mineral matter are specifically secreted and 


Sources of Inorganic 
Matter Found in Coal 
Seams 


Inorganic Matter in 
Plants and Its Relation 
to Fire Clays 


1J. J. Stevenson, Joc. cit., p. 150. 

2 Kendall, Report of the Joint Discussion on Coal at the New Castle Meeting of the 
British Assn., Geol. Mag., Decade VI, 3, 512—13 (1916). 

* Dunn, Report of the Joint Discussion on Coal at the Newcastle Meeting of the 
British Assn., Geol. Mag., Decade VI, 3, 514 (1916). 

* Marie C. Stopes and R. V. Wheeler, Monograph on the Constitution of Coal, 
London, 1918. 
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deposited in or on the walls. Such, for instance, are the silica im- 
pregnated walls in the Graminaceae, the calcareous sheaths of the 
Characeae, the alumina in the Lycopodiaceae. Such mineral matter 
is not extraneous to the coal like the minerals in veins, partings, and 
later infiltrations, but would be an inherent part of the coal formed 
from any species of plants which has such peculiarities of original 
structure. The fact that the Lycopodiaceae which have such ex- 
ceptional amounts of alumina in their ash, were a particularly important 
group in the coal measures flora was early noted.! 

Mietzsch? and Kratzmann® have investigated the alumina content 
of plants. The latter has recently studied genera from the whole 
vegetable kingdom from the point of view of their alumina content, 
and found that its distribution is very irregular, many genera contain- 
ing no alumina, others less than 1% of their total ash, and a few up to 
3 or 4%; the bark of Abies considerably more, but none save Lyco- 
podium anything approaching the 25 to 57% which this genus may 
contain. 

Taylort compared the ash of good and bad coal with underclay. 
The constituents are alike but the relative proportions differ. Bischof*® 
thinks that the analyses show close relationship throughout and they 
indicate sedimentary origin. McCreath® has analyzed many of the 
Pennsylvania fire clays and the results show great variation, the silica 
ranging from 47 to 66% and the alumina from 18 to 35%. Dana’ 
calculated that if the original ash were 1.66 of aluminium silicate and 
if the plant material lost three-fifths of its mass during transformation 
into coal, there should remain 4.15% of silica and alumina, the total 
ash being 4.75% of the coal. 

Many coals have much less than the normal 
quantity of ash® and in such cases it is wholly 
probable that not a little of the original inorganic 
content was removed in solution. The organic 
acids form slightly soluble salts with several bases, which would be 
removed by leaching. This leaching process would tend to remove 
not only some of the inorganic content of the coal but some of the 


1F. Church, “Notes on the Occurrence of Aluminium in Certain Cryptogams,” 
Chem. News., 30 (1874), London. 
2 H. Mietzsch, loc. cit., 
3 E, Kratzmann, loc. cit. 
‘ H. Taylor, Elements of Chemical and Physical Geology, pp. 268-69 (1854) London. 
Cited by G. Bischof. 
5 G. Bischof, cited by J. J. Stevenson, Formation of Coal Beds, etc. 
6 A. M. McCreath, Joc. cit. 
7 J. D. Dana, loc. cit. 
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8 Stevenson, Joc. cit., p. 107. 


| 


PENNSYLVANIAN FIRE CLAYS IN THE UNITED STATES 743 


other materials of sedimentation which form the underclays and 
partings of coal. 

The accumulation! of peaty matter allows only indirect action of 
acids on the floor of the deposit, and is due only to the sinking of 
dissolved humic and other organic acids, which reaching the bottom 
may remove iron and alkalis from the clay as they do from the peat. 
If the original quantity of iron in the floor was small, all or practically 
all, might be removed; but if large, the greater part would remain. 

Dachnowski? says that during the formation of coal the drainage 
relations affected then as now the character of the plants predominating 
in an area, and this influenced the percentage and kind of ash in the 
vegetable debris. Frequent local or general disturbances in topography 
and sedimentation brought about the occurrence of partings in the 
coal beds. The coal beds represent in some places submerged forests 
or vegetable growth in place, and in others it is formed from drifted 
material. In the latter case an underclay might not be found below 
the coal. 

The fact that the lower and middle parts of fireclay beds are some- 
times more refractory may be due to different causes. The bottom of 
the bed during the formation of the coal was longer exposed to the 
influence of the leaching action of acids and in the process of con- 
solidation of the sedimentary strata the upper part of the underclay 
may have received some of the iron and alkali content of plants in 
the coal. 

The occurrence of fire clay without over- 
and Fire Clays to Coal lying coal can be explained by the trans- 
aie portation of the purer clays by the sluggish 
streams and currents in the swamp and 
deposition at places where conditions were not favorable for the for- 
mation of coal above them. The absence of an underclay may be due 
to the allochthonous origin of the coal, or to the growth in situ of peat- 
forming plants on a rock floor (other than clay) as may be noted in 
some peat bogs of today. A clay substratum is not necessary for the 
growth of peat-forming plants. 
Flint and “Semiflint” In some cases the clay was probably held in 
Clays the swamp in colloidal form and due to some 
chemical change or addition, the very fine 
particles of clay were precipitated and more or less crystallized into 
flint or ‘‘semiflint’’ clays. The conditions which were favorable for the 
accumulation of such clays were not very favorable for the accumula- 


Relations of Underclays 


1 J. J. Stevenson, Joc. cit., p. 49. 
2 A. Dachnowski, ‘Peat Deposits of Ohio,”” Ohio Geol. Surv., Bull..No. 16, 275-77 
(1912). 
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tion of much coal above them, as thick coals are seldom found above 
flint clay beds. The flint clays and their associates may be due to the 
nature of the clastic sediments carried into swamps or basins, but more 
probably, as indicated by the thinness of coals associated with them, 
they were formed in areas where the plant life was largely oxidized 
and the minute particles of mineral matter held by the plants (especially 
the aluminium silicates held by the lycopods which predominated in 
the swamps) were held in a colloidal form until by concentration or 
precipitated by some other cause they settled out in either crystalline 
or amorphous form. If the swamp became more brackish from the 
incursion of the sea, the clays might be precipitated. In some places 
there were considerable silica and iron, and the flint clays formed were 
sandy and ferruginous. The ‘“‘semiflint’’ clays may have been formed 
directly when the concentration was more favorable for good crystalliza- 
tion, or later due to some chemical condition which would aid in more 
complete recrystallization. 

The plastic clays associated with flint clays were probably never 
as microcrystalline in nature as were the others, because of the differ- 
ence in the character of the original constituents which formed them. 
Their origin is probably much the same as the refractory underclays 
of most coals. The conditions in the local basins in which these clays 
were deposited changed so that simultaneously in adjacent areas, 
different kinds of clays were being deposited, which would account 
for their irregular association. 


Conclusions 

Fire clays seem to be formed in different ways. Most of the im- 
portant Pennsylvanian fireclay deposits in the United States are 
associated with coal-forming conditions. The same origin cannot be 
ascribed to flint clays that is given to account for the plastic underclays 
of allochthonous or autochthonous coals. 

There seems to be little question but that all coals are the result 
of vegetable accumulation in swamps, either washed in, or of plants 
which have grown in situ. Some coals and associated fire clays are 
best explained by the allochthonous theory, but more are better 
accounted for by the autochthonous explanation. The former include 
underclays which are laminated. The source of the fireclay material 
for both types include: (1) The original soil of the area before becoming 
a swamp; (2) sediment carried in suspension, in solution, or in colloidal 
form and deposited in the swamps from streams draining the areas 
around the basins; (3) mineral ash from decayed vegetation, accumu- 
lated either in place or transported from areas in which the vegetation 
was undergoing oxidation; and (4) dust carried into the swamp by 
wind. 
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In most cases in order to convert the original soil of the swamp 
and the accumulating sediments into fire clays, the alkalis, iron, and 
fluxes had to be removed by chemical processes, accomplished chiefly 
through the solvent action of carbonic and various humic or organic 
acids coming from the decay of organic matter; and by organic processes 
due to the leaching action of living plants, as may be noted in the 
bottom clays of many present day peat bogs. 

There is a sluggish circulation of water in most swamps. Greater 
leaching of the underclays would occur along the channels of circulating 
waters. This differential leaching would give rise to the pockety and 
variable composition in many clay deposits. In swamps with little 
or no drainage, iron, alkalis, and fluxes would accumulate in the under- 
clays. 

The character of the underclays would be influenced by the nature 
of the original soil as well as that of the sediments carried into the 
swamp. In regions where the formations which outcropped over the 
drainage area around the basin were high in iron or alkaline content 
the underclays would probably not be refractory. Such an explanation 
might be given to explain the absence of fire clays associated with coals 
in Michigan. 

The nature of the vegetation affected to some extent the composition 
of the underclays, with respect to the amount and kinds of the elements 
removed by the plants from the subsoil and water of the swamp (and 
later held in the coal); and in the nature of the ash resulting from the 
decay of the plant itself. From areas where the vegetation was oxidized, 
the mineral matter or ash of the plant would tend to be carried by 
streams and underground water to swamps which were the areas of 
deposition. 

The lack of lamination in underclays may be due to the growth 
of plants on them, or due to the sediment which formed them being 
extremely fine grained or in a colloidal state. 

Flint clays and ‘‘semiflint’’ clays are probably the result of precipita- 
tion from a colloidal condition and being later recrystallized. The 
character of the deposit would be influenced by (1) the nature of the 
clayey material held in the swamps; (2) by the introduction of reagents 
causing the precipitation of the clay; and (3) the amount of later 
purifying or leaching before recrystallization. 
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Boswall, R. O. 394 Guardascione, E. 367 
Bouzin, O. ; 373 Guttmann, A. 403 
Bowles, O. 370 Gyss, E. E., and Davis, H. G 399 
Bowles, O., -— Meyers, W. M. 413 
Bowman, E. 381 Hadert, H 368 
Bragg, W. L., Vand West, J. 404 Haegermann. 394 
Britton, H. T 406 Haggerty, J.F. 373 
Budnikoff, P. P. 415 Handrek, H. 392 
Buchattz, H. i 381 Hall, T 382 
Bull, W. C. 380 Hanford, O. A. 379, 380 
Burt, F. M. 373, 412 Harby, J. M. 409 
Butler. J. B. ; 412 Harrington, E. A 369 
Buttner, M. 373. Hedges, H. S., and Myers, J. E 408 
Helbig, A. B 398 
Canfield, R. W. ; 380 Henze, W 368 
de Carli, F.. 406 Hills, A. E. 373 
Case, G. O. 372 Himmelright, R. J. 390 
Christie, A. G. 382 Hirt, A. 396 
° Coad-Pryor, E. A. 375 Hood, B. M. 381 
Cole, S. S. 382 Hoover, H 409 
Crawford, R. M... 398 Howard, G. E. 380 
Crespi, M. 379 Hugill, W., and Rees, W. J 383 
Crui shank, J. W. 394 Hunter, W. K. 371 
Hurlburt, F.A 375 
| e Daniels, J.. . 409 Hyde-Jocelin, C. 367 
Demuth, — 392 
Dieckhoff, H. 413 Iding, M. P.,and Nimtz, W. A 390 
Dimbleby, V., English, 7: , Firth, E. M., Hodkin, Isley, G. H. 399 
F.W., and Turner, W. . 376 
Draeger, 392 Jacker, O. .. 398 


1The abbreviation (C.A.) at the end of an abstract indicates that it was obtained from Chemical Abstracts by 
codperative agreement. 
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prance PAGE AUTHOR PAGE 
Jaeger, F , Westenbrink, H. G. K., and van Pearce, J. W... ‘ . 414 
Melle, 406 Pepin, A.... 373 
Jones, W.R.D 389 Polysius, G. 
Ponomareff, J. F. 375 
Kerstan, A : 374 Preston, F. W 374, 375 
King, J.G 398 
Kingsbury, P. C_ — Rancke, C. . 368 
Koegel, A. 398 G. D. 381 
Kohl, H. 403 Rees, W. J 383, 384 
Kolthoff, I. M. 404 Reilly, Roe. W., and Wheeler, T. S. 408 
Konarzewski, J . 384 Remington, 5.3. , . 414 
Konarzewski, J., and Vickers, A. E. J... . 396 Retzow, U. — 
Kopka, G.... ‘ 398 Rhead, F. H. ‘ . 368 
Kopka, G., and Zapp, F 401 Richards, E. 389 
Kriinzlein, G., and Voss, A 408 Rinne, F. ‘ . 370 
Kreisinger, > ; 411 Rogers, W. R, and Young, A. C.... ; 400 
Krieger, Y. 388 Ross, D. : 382 
Kihl, H. 372 Rudolph, W. : 410 
Kyropoulos, S 408 Ryschkewitsch, E. 389 
Lander, C. H., etc 398 Sarver, L. A.... . 402 
Larsen, B. M. 385 Schiller, H.. ; 393 
Larsen, B. M., and Grodner, A. 385 Schultze, P. 391 
Larson, C. M 395 Schumann, W. O : 393 
Larson, C. M., and Knopf, C. L. 395 Schwarz, R. : . we 
Lefebure, V. 371 Scott, A. ’ 384 
Lemley, W. E. 409 Selvig, W. A., and Fieldner, A. C. 402 
Lewis, R. S 412 Senter, G. , 408 
Littleton, J. T., Jr. 374 Shepherd, H. H : 387 
Lindstrom, , S 371 Sherman, R. A., and Taylor, E. , 382 
Long, B... 381 Sherman, Y. . 405 
Longley, J. N 403 Simms, F.C... .. . 394 
Luftschitz, H 370 Skola, W. . 389 
Small, J. B., and Kincaid, F. J. — 
MacGee, A. E. ... 400 Sec. Le Xylium. 372 
MaclIlwain, G. E.... 410 Sortwell, H. H .. 390 
Maksimenko, M. S... 388 Soubier, L. D. . - 380 
Maksimenko, M. S., and Elisieev, A 388  Spackman, H.S... $72 
Malony, R. A. ; 386 Stevenson, E. P. : 409 
Martin, G 384, 401 Storey, W.R..... 367 
May, W. 385 Stuart, W.A 390 
McAfee, W. K. ; 412 Straight, H.R... . 399 
McCaughey, W. J 371 Suirokomskii, V. S 388, 389 
McDowell, S. J 385 als 
McKay, H.C 3 402 Thomas, A. H ’ 412 
McVicker, G. G. 382 Thomas, E.... 414 
Mellor, J. W 408 Troop, R. S.. . 393 
Meyers, W. M. 393, 400 Turner, W. E.S 376 
Merkel, F - 408 Tutton, H. R.... 371 
Miers, H. A.. 404 +‘ Tyrrell, G. W. 400 
Milani, G. 367 
Miller, W. T. W. 370 Uhlig, K... ; 412 
Milligan, L. H., and Quick, C. H 367 
Milomi, G ee 383 Vickers, A. E. J., and Green, A. T 385 
H and Twells, R 411 
foliter, H... 401 rk 
Montgomery, G. L... 393 C.F 
Moore, H. F. 374 Wallich J 392 
Morse, A. W. 398 Weicken ‘ 304 
Moser, L., and Maxymowicz, W. 392 mt , 

4% 4 Wentworth, C. K 404 
Miiller-Hauff, A 387 Westenbrink, H. G. K .. 405 
Mylius, W. 378 Wetzel, K. 392 

Wickerham, F. A : 385 
Netzsch, G 394 Wilson, H. 399 
Nold, H. E -. 410 Winchell, A. N. 399 
Nutting, P. G. a 405 Winkler, 4 398 

Odelberg, A. S. W : 398 Wood, J. F. L., Houldsworth, H. S., and Cobb, 
Onderdonk, J. 367 : 383 
Wolcott, E R. , 409 
Pape, W.. . 402 Wuster, A., and Piwowarsky, E , 402 
Parker, H. C 393 
Parmelee, C. W., and McVay, T. N 391 Younger, J... . 411 
Abrasives 


Report on abrasive materials. ANON. Can. Chem. Met., 11 [7], 180(1927).—A note 
on the réports on abrasive materials and their uses issued by the Mines Branch, Depart- 
ment of Mines, Ottawa, Canada. E.J.V. 
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PATENT 
Abrasive article and method of manufacturing the same. LoweLL HAINgEs MILLI- 
GAN AND CHARLES HERBERT Quick. U. S. 1,635,981, July 12, 1927. The improve- 
ment in the manufacture of abrasive articles containing crystalline alumina and a 
vitrifiable bond mixture which comprises firing the article to soften the bond mixture, 
and thereafter cooling the bond constituents to solidification under nonoxidizing con- 
ditions. 


Art 


The ferro-concrete style. J. S. ONDERDONK. Arch. Rec., 62 [1], 68-71(1927).— 
A new ferro-concrete style is developing, unique in creating buildings which form one 
solid mass, once the gravel, sand, and steel have been cemented together. A char- 
acteristic will be a new type of tracery, a beautiful example of which is a window of the 
Bahai Temple at Wilmette, IIl.; illustrated, also in the Lalique fountain, Paris. On 
buildings the tracery would depict historic or symbolic scenes and could be enriched by 
mosaics. E.B.H. 
The rise and fall of Rockingham. CHARLES HyDE-JoOcELIN. International Studio, 
87 [362], 55-59(1927).—Rockingham, a brown tea and coffee ware originating in 
England, is classified among the mcre splendid porcelains of the ceramic art of that 
country. No expense was spared to produce the finely modeled bone porcelain bodies or 
the technically perfect glazes and elaborate decorations. The substitution of bone ash 
for the former glass with the china clay and feldspathic ingredients gave the English 
potters claim to a native paste. Distinctive ground colors number apple green, blues, 
and various reds. The use of gilt was often excessive. Some of the figures and animals 
with their detailed delicate modeling are among the finest known to ceramic students. 
The early American yellowish ware with heavy brown glaze resembles closely the English 
ware from which the name was borrowed. E.B.H. 
Mosaic floor panels. Pencil points, 8 [7], 457 (1927).—Architects’ original drawings 
for mosaic floor panels and the work as executed from them for the Greenwich Savings 
Bank, New York City. E.B.H. 
Story of the porcelain of Capodimonite. E. GUARDASCIONE. Corr. d. Ceram., 
7, 13-14(1927).—A short history of the potteries at Capodimonti dating from 1736 
when started by Carl of Bourbon. Under the direction of Ferdinand IV the plant 
flourished and in 1787 the King of England was presented with a complete service. 
Ferdinand Cioffi, Tallanio, Accette, Mardoni, and Pote were for a time at this pottery. 
SSC. 
The ceramic schools in Italy. G. MILANI. Corr. d. Ceram., 8, 5-6, 18-19(1927).— 
M. describes the rise of the ceramic schools and experimental stations in Italy. The 
Royal school has been in operation for over 50 years. The directors of the school are 
proud of the accomplishments of the school. AE 
Art of glassblower is alluring. WALTER RENDELL STtorEY. Amer. Glass Rev., 
46 [40], 17-18(1927); reprinted from New York Times.—A discussion of modern art 
glass ware, showing the important réles of texture and color, and describing designs 


which are available. E.J.V. 
Kiitahia faience. BrrpreLt. Keramos, 5 [11], 497-98(1926).—A discussion of the 
work and workers in the Turkish faience factories in Kiitahia. E.J.V. 


Kiitahia faience. ErtoGruL AHMED-Bry. Keramos, 5 [11], 498-500(1926).— 
There are about 125 faience factories in Kiitahia, Turkey. Typical wall tile bodies 
used are: 
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I II 
80 quartz 50 quartz 
10 saponite 20 maya 
10 maya 30 kundur clay 


“Maya” is a very fat, limey potter’s clay which fires to a very fine red. ‘Saponite’’ 
is a steatite, a hydrous magnesium aluminum silicate, which has good bonding power 
when suspended in hot water. Kundur clay is a white firing stoneware clay which is 
infusible at cone 32. The tiles made of either of these bodies are treated with an engobe 
of 80-90 quartz and 20-10 saponite. The colors are imported from Germany, with 
the exception of red, turquoise green, and the outlining black, which are domestic 
products. The process of decoration is described. A glaze consisting of 30 red lead, 
25 quartz, and 6 soda is used. The fritting is done in saggers. Preparation of the 
glaze, types of kilns used, setting and firing thereof are described. Typical bodies used 
in making vases, dishes, and vessels are 


50 kundur clay 50 kundur clay 
20 maya 30 silica sand 
30 silica sand 
Practically all of the work is done by hand. B.3.¥. 


On ceramic color practice. HANs HApeRtT. Keramos, 5 [11], 501-502 (1926).— 
A discussion of various colors produced by the introduction of various coloring oxides 
or combinations thereof. E.J.V. 

Ivory-toned ceramic products. WoL_FGANG HENzE. Keramos, 6 [1], 11-12(1927). 
—The ivory toning of porcelain due to an oxidizing firing of the body containing 2 to 
3% iron, or an addition of 0.5 to 1% rutile is discussed. Iron oxide, rutile, or pyrolusite 
can be used to produce ivory-toned porcelain if added to the body in the proper propor- 
tions. Ivory-toned glazes can be produced of the following batch compositions: 


Fritted Raw 
Cone 11 Cone 13 

86 pyrolusite 86 pyrolusite 22.5 silica sand 30.0 silica sand 

153 Zettlitz kaolin 179 Zettlitz kaolin 27.0 feldspar 21.5 feldspar 

288 quartz 396 quartz 27.0 chalk 7.5 chalk 
4.5 Meissen clay 9.0 kaolin 
9.0 kaolin 21.5 cullet 
2.0 iron oxide 2.5 iron oxide 
9.0 rutile 8.5 rutile 

Other methods of producing ivory-toned ware are taken up. E.J.V. 


Studies on colored fusions. ANoN. Keramos, 6 [6], 217-18(1927).—A study of the 
color variations obtained with a single oxide and various colorless batches. The 
following coloring agents are studied in connection with four batches: CuO, Cr.Os, 
Fe,0;, CoO, MnOz, Ni.Os. 

Notes on shape construction. FREDERICK H. RHEAD. Pottery, Glass and Brass 
Salesman, 35 [21], 13-16, 33(1927); reprinted from Jour. Amer. Ceram. Soc., 10 [6], 
389-401 (1927); for abstract see Ceram. Abs., 6 [7], 253(1927). E.J.V. 

Casting of ware. Cart RANCKE. Sprechsaal, 60 [8], 125—28(1927).—A discussion 
on casting and glazing as an art expressing individuality which is gradually disappearing 
due to advent of mass production. A number of body, glaze, and color formulas given 
as used by R. R.A.H. 


Cement, Lime, and Plaster 
The re-use of plaster of Paris molds. MArizE FARNSWORTH. Jour. Ind. Eng. 
Chem., 19 [6], 714-17 (1927).—Plaster of Paris molds which have become unfit for use 
can be re-hydrated and calcined but the resulting plaster is not as good as new plaster 
due to a large decrease in tensile strength. Investigation by X-ray methods seems to 
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indicate that this is due to traces of uncalcined gypsum remaining in the plaster. It 
also showed that the smaller the tensile strength the larger is the particle size of the 
set plaster or gypsum. The addition of as small an amount as }% AI.O; will cause the 
tensile strength to increase three-fold which is due to the decrease in particle size. This 
has a possible application in die-casting factories, etc., where molds can only be used 
once and then are thrown away. Re 
United States Government Master Specification for Portland cement. ANon. 
Bur. Stand., Circ., No. 33, revised June 10, 1927.—The definition of Portland cement is 
given followed by paragraphs on (1) chemical properties, (2) physical properties, (3) 
packing, marking, and storage, (4) inspection, (5) rejection, (6) tests. A description of 
the methods of tests for physical and chemical properties is included. R.A.H. 
United States Government Master Specification for cement, plastic magnesia 
(magnesia-oxychloride) used as flooring, bases, wainscots, etc. ANon. Bur. Stand., 
Circ., No. 323.—Plastic magnesia cement is used largely for making the so-called resilient 
types of flooring. The quality depends upon the proportion of the various aggregates 
and cement. It is a dry intimate mixture composed of calcined magnesia, fibrous ma- 
terials, finely ground inert fillers, and colors which on gaging with a solution of mag- 
nesium chloride sets to a resilient product. Sections are given on (1) general require- 
ments, (2) detail requirements, (3) method of inspection and tests. R.A.H. 
New method for determining soundness of hydrated lime. ANON. Bur. Stand., 
Tech. News Bull., No. 122, pp. 9—-10(1927).—New test method for determining sound- 
ness of hydrated lime cuts the time of test from 3 days to 1 day. Procedure of test 
essentially the process used in manufacture of sand lime brick, but made on specimens 
1 by 4 by } inch. Results indicated this method of test to give as reliable results as the 
older and longer method. R.A.H. 
The effect of sodium carbonate and water-glass solutions on gypsum plaster molds. 
G. A. GALL. Sprechsaal, 60 [1], 8-9(1927).—The result of this investigation shows 
definitely that water-glass is more desirable as a thinning medium (up toa strength of 
0.5%) and does not have any harmful effect on the plaster of Paris molds in contrast 
to sodium carbonate. Illustrations are given comparing the effect of various concentra- 
tions of sodium carbonate (0.1 to 15%) and sodium silicate (0.5 to 2.0%) on experimen- 
tal specimens of plaster of Paris over a period of 18 hours. In the more concentrated 
solutions of sodium carbonate the development of calcium carbonate crystals are evident. 


R.A.H. 
Rate of drying of wall plaster. ANoN. Ceram. Age, 9 [5], 166(1927); Bur. Stand., 
Bull., No. 118, pp. 2-3 (1927).—See Ceram. Abs., 6 |5], 165 (1927). A.E.R.W. 


X-ray diffraction measurements on some of the pure compounds concerned in the 
study of Portland cement. E. A. HARRINGTON. Amer. Jour. Sci. |5th Ser.], 13 [78], 
467-79 (1927).—-Paper No. 8 of the Portland Cement Association Fellowship of the 
Bureau of Standards. The results obtained from the powder photographic data are given 
in the following table: 


Substance Crystal symmetry Axial angles Axial ratio M/N Lattice Density 

constant Caled. Obs 
Al,O; Rhombohedral a=8=y7=55°17’ 1:1:1 2 5.130 3.96 3.99 
Fe,O3 a=B=7y=55°17’ 1:1:1 2 5.406 5.27 5.20 
Ca(OH): Hexagonal a=8=90°7=120° 1:1:1.405-—1 3.580 2.20 2.23 
3CaO Al,O; Cubic a=B=7=90° 1:1:1 3 7.623 3.02 3.04 
5CaO Cubic a=—B=7=90° 3 10.084 2.83 2.83 
CaO Cubic a=B=y7=90° 1:1:1 4 4.797 3.36 3.31 
CaCO; Rhombohedral a =8 = y = 46° 6’ 1:1:1 2 6.363 2.70 2.69 
SiO, Hexagonal a=8=90°y =120°—1:1:1.10 —3 4.903 2.65 2.64 
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Science and engineering in lime burning. Victor J. Azpe. Rock Prod., 30 {12}, 
50-53 (1927).—The following subjects are treated: (1) structure of limestone, (2) 
changes in structure during burning, (3) shrinkage of lime overburned, (4) actual time 
and temperature used in practice, (5) necessary steps in control of lime burning, (6) 
variable factors in kiln temperatures, and‘(7) contamination of lime from fuel. 

F.P.H. 

X-ray study of limestone calcination. FRIEDRICK RINNE. Rock Prod., 30 [13], 
65-66 (1927).—The application of X-ray to the study of the calcination of limestone is 


described. 
Making six-foot gypsum tile. Anon. Rock Prod., 30 [12], 72—78(1927).—A des- 
cription of the plant of the Pennsylvania Gypsum Co. F.P.H. 


Annual meeting of the A.S.T.M. Rock Prod., 30 [14], 71-74(1927).—Abstracts 
of papers on cement, lime, gypsum, and concrete aggregates presented at the 30th annual 
meeting of the A.S.T.M. F.P.H. 

A brief analysis of the function of steam in a lime kiln. E.E. BERGER. Rock Prod., 
30 [14], 75-78 (1927).—The first appreciable loss of carbon dioxide from a high calcium 
stone occurred at one hour's heating at 600°C. The limestone was calcined at a slightly 
faster rate in a current of steam than in a current of air, but this was due to the effect of 
the characteristic physical properties of each gas in transferring the heat to the sample 
and not to any chemical or catalytic effect which either gas had on the limestone during 
the process of calcination. It is pointed out that these physical characteristics would not 
affect the rate of calcination in the lime kiln. The.use of waste flue gas or steam is 
effective in preventing the clinkering of the ash. This action is brought about primarily 
by the large amount of heat which is absorbed by the endothermic reaction between 
steam or carbon dioxide and the incandescent carbon in the fuel bed. The partial 
reduction of steam or carbon dioxide increases the percentage of combustible gases over 
the fuel bed. The secondary oxidation of these gases by the air which must be available 
over the fuel bed produces the long flame which is so effective in producing the mild, 
uniform temperature much desired in the firing zone of a lime kiln. Ag oe 

Gradation of machine-broken stone. Wm. T. W. MILLER. Rock Prod., 30 (14), 
79-80 (1927).—The 5th of a series of articles on this subject. This article deals with the 
effect on the character of products by the shape and condition of the crushing surface. 
See Ceram. Abs., 6 [6], 231, 297. PP... 

Requirements of metallurgical limestone. OLiveR BowLes. Rock Prod., 30 [14], 
98-99 (1927), Bur. Mines, Circ. No. 6041.—The following topics are discussed: (1) dis- 
tribution and transportation, (2) production statistics, (3) purpose and action of blast- 
furnace flux, (4) effect of impurities in limestone, (5) factors governing use of various 


limestones. F.P.H. 
Strength variations of Portland cement lime mixes. HEINRICH LuFrscHiTz. Zement, 
19, 377-79; 20, 401-403 (1927); Rock Prod., 30 [14], 96-97 (1927). F.P.H. 


Third census of British production (cement trade). ANon. Chem. and Ind., 46, 
602-603 (1927).—A comparison of 1924 with the previous census of 1907. The quantity 
of cement manufactured showed an increase of 9%, and the value at works increased 
79%. Exports in 1907 were 26% of production and in 1924, 21%. The net value of 
output per person employed was £132 in 1907 and £363 in 1924. Cost of material per ton 
of cement was 53% greater in 1924 than in 1907. The number of persons employed in the 
industry was 14,819 in the former year and 12,874 in the latter. Capacity of engines was 
90,256 H. Pp. and of electric generators 43,700 kw, in 1924 as compared to 60,079 and 
6,685 in 1907. 

Fire-proof cement. Anon. Industrial Chemist, 3, 226(1927).—The following re- 
cipes are given: Crucible cement: (1) 1 litharge, 2 borax, 2 slaked lime and water, (2) 


if 
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clay and brick dust mixed with a water-solution of borax; Furnace cement: equal parts of 
fire clay and grog mixed with silicate of soda; Heat-resisting cement: (1) 2 graphite, 
2 MnOsz, 1 NaCl, 1 borax, 4 iron filings, 8 clay, (2) fine sand or silica mixed with a 10% 
solution MgCl», and after application soaked with 30% sodium silicate. H.H.S. 


Effect of chemical composition on the physical properties of Portland cement. 
H.R. Turron. S. African Jour. Sci., 23, 225-30 (1926).—Discussion of the individual 
constituent compounds found in cement clinker, together with their products of hydra- 
tion, and a discussion of the effects of the ultimate constitution of cement on its physical 
properties. (C. A.) 


PATENTS 


Cementing material. JAMEs THOMAS GRIFFIN. U.S. 1,632,404, June 14,1927. A 
cementing material for joining ceramic articles, consisting of granulated lead borate 
giass held in tablet form by naphthalene. 


Cement composition. Rosert SetH Linpstrom. U. S. 1,633,790, June 28, 1927. A 
composition adapted, when admixed as described with sand or like aggregate and water, to 
form a water and wear-resisting, nondusting, concrete surfacing, for floors, walks, and 
the like, comprising an intimate admixture in dry powdered form of Portland cement 
ground to a fineness such that substantially 90% will pass through a 200-mesh sieve, 
and from 5 to 10% by weight of an iron-free abrasive of substantially the hardness and 
specific gravity of Carborundum and of about 100-mesh fineness, substantially as des- 
cribed. 

Method of producing improved lime hydrate. Witt1AM K. Hunter. U. S. 
1,634,424, July 5, 1927. The method of producing a hydrated lime having a high 
plasticity, comprising subjecting a lime-bearing rock to the action of a roasting tempera- 
ture for producing lime, and immediately discharging the lime from the heat treatment 
and at the roasting temperature into water which is present in excess to the amount re- 
quired for complete hydration of the lime, while allowing the free escape of steam and 
gases from the water whereby a violent ebulition of the water in contact with the lime 
occurs during the slacking operation, and allowing the slacking operation to be wholly 
completed in the presence of the excess water. 

Oxychloride cement and pro- 
cess of making same. WILLIAM 
J. McCauauey. U.S. 1,634,505, 
July 5, 1927. An oxychloride 
cement comprising in combina- 
tion a comminuted mixture of 
magnesian limestone of which 
substantially all the magnesium 
carbonate (MgCOs) is calcined 
and substantially all the calcium 
carbonate (CaCO;) uncal- 
cined, additional magnesium ox- 
ide (MgO), and an alkaline earth 
chloride. 

Plastic compositions contain- 
ing colloidal silicates and metal- 
lic oxides. V.LEFEBURE. Brit. 
268,851, Dec. 7, 1925. Composi- 
tions for the manufacture of 
decorated tiles or slabs are obtained by mixing an alkaline silicate, colloidal silicic acid, or 
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silica with an oxide (e. g., of zinc, iron, tin, tungsten, or phosphorus), or a salt (e. g., zinc 
chloride or ferric phosphate), one or both of the ingredients being used in a syrupy or 
colloidal form. Substances capable of taking up water, such as Portland cement or 
zinc or magnesium chloride, and substances capable of combining with excess alkali, 
such as calcium fluoride, magnesia, aluminium hydroxide, or a soluble silico-fluoride may 
be added to the mixture, and inert fillers such as asbestos, silica, and coloring matters 
may also be added. The resulting plastic mass is formed into sheets, cut or molded to 
the desired shape, and hardened by heating to a temperature below 300°C. The sheet 
before hardening may be cemented to a rigid backing such as asbestos cement by means 
of an adhesive, which may be either synthetic resin or a soluble silicate and metallic 
oxide mixture. Marbled effects are obtained by calendering partly mixed masses of 
different colors. . 

Magnesite cements. J. AGERuUP. Brit. 268,989. May 17, 1926. Compositions 
containing magnesium oxide and ferrous or cuprous chloride are prepared with the an- 
hydrous chloride instead of the usual crystalline form. A nondeliquescent pulverized 
mixture of all the solid ingredients is thereby obtained which is simply mixed with 
water when required for use. The usual fillers may be added. Specification 214,369 is 
referred to. 

Plastic compositions containing oxychlorides. Soc. Le Xyiium. Brit. 269,518, 
April 2, 1927. Magnesia cements are rendered impervious to moisture by the addition 
of a waterproof colloid, e. g., a lead soap, and of a dispersing agent, e. g., casein, to main- 
tain the waterproof substance in its colloidal condition until the composition has set. 
According to an example, 2-4 parts of an ammonium soap and casein and 4—6 parts of 
lead acetate are added to 30-35 parts of magnesia, 15-20 parts of sawdust, and 2-6 
parts of loading substances (plaster, lime, silica, etc.), and 30-40 parts of magnesium 
chloride are then added. 

Accelerated cement burning process. H. Kiiut. Austrian 104, 148; Rock Prod., 
30 [13], 84(1927).—An oxygen carrier, such as ferric oxide, is added to the pulverized 
raw cement materials to facilitate the fuel combustion. A desirable proportion is suffi- 
cient ferric oxide to make about ;'5 of the lime content of the raw materials. 

Alumina cement. H. S. SpAcKMAN. Brit. 244,756; Rock Prod., 30 [14], 97 
(1927).—Bauxite and alumina, proportioned so that the acidic and basic components are 
about equal, are introduced as a charge into a rotary cement kiln in which an oxidizing 
atmosphere is maintained. The resulting clinker is ground to produce a hydraulic 
cement containing about 11% of iron oxide with alumina, lime, and silica. F.P.H. 

Cement from rock phosphate. Brit. 252,367; Rock Prod., 30 |14], 97 (1927).—Crude 
rock phosphate is fused with sand, carbon, or coke in an electric furnace and after the 
phosphorous vapors have been driven off, calculated amounts of alumina material 
(bauxite or clay) are added to produce a homogeneous cement mixture, which is drawn 
off, cooled and pulverized. F.P.H. 

Rotary kiln with air preheater. J. H. BENTLEY. Brit. 265,462; Rock Prod., 30 
[14], 97 (1927).—An extension to a rotary kiln is provided beyond the flame or sintering 
zone which acts as an air preheater and product cooler. Lifters are placed in the 
interior to drop the material through the air stream. Scoops at the end remove the 
material to a central outlet from which it drops down a stationary conduit for the 
incoming gas to a conveyer. The entire system is arranged for heat interchange. 

Piri. 

Cellular gypsum compounds. G. O. Case. Brit. 266,524; Rock Prod., 30 (13), 
84 (1927).—Calcium carbonate is added to plaster of Paris and the mixture treated 
with diluted hydrochloric or other mineral acid (the amount of acid added being from 
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40 to 60% by weight of the mix). The mixture is then cast into molds having porous 
tops and made water-proof by adding a facing of cement or concrete or by previous 
addition of ferric or magnesium sulphate to the mixture. F.P.H. 
Cement admixtures. A. E. Hits. Brit. 266,775; Rock Prod., 30 [13], 84(1927).— 
Variable proportions of iron or aluminum hydrate are added to hydraulic cements to 
combine with the free lime on setting and thus prevent efflorescence and accelerate the 
aging. F.P.H. 
Rotary kiln with heat exchanger. O. Bouzin. Brit. 266,939; Rock Prod., 30 [13], 
84 (1927).—Heat exchanger of metal is placed in the preheating zone of a rotary cement 
kiln. The exchanger is provided with radial plates at the periphery which spread the 
slurry in thin sheets over a central tube or series of tubes through which hot gases pass. 
The inner wall of the calcining zone has projections for spreading the material along 
horizontal planes, through which the progress is impeded and kiln capacity increased. 
The rotary cooler is equipped in a similar manner. Only sufficient air to maintain 
combusion is admitted in the kiln. F.P.H. 
Gypsum plaster. J. F.HAaGGeRTy. Can. 267,422; Rock Prod., 30 [13], 84(1927).— 
Dry plaster of Paris is mixed with a liquid-fiber mixture the fibers of which are saturated 
with liquid to form a paste through which the fibers are distributed. The paste is then 
shaped as desired and permitted to harden. F.P.H. 
Lightweight artificial stone. A. Pepin. Can. 268,308; Rock Prod., 30 [13], 84 
(1927).—A composition of 32 parts Portland cement, 16 parts gypsum, 96 parts 
cinders, 32 parts water, and 1 part calcium chloride. F.P.H. 
Restricted rotary cement kiln. M. Buttner. Ger. 435,077; Rock Prod., 30 {13}, 
84 (1927).—One or more restrictions are provided in a rotary cement kiln, to form a 
sintering zone and condensing chamber into which the fuel inlet pipe penetrates. Rota- 
tion speed of the kiln is governed by the greatest internal diameter of the calcining zone. 
Lower coal consumption and lower waste gas temperatures are claimed for the process. 
F.P.H. 
Preheating slurry. G. Potysius. Ger. 435,792; Rock Prod., 30 (13), 84(1927).— 
The slurry inlet pipe is placed to pass through the flue-gas chamber where it is heated 
by the waste kiln gases. An outer jacket surrounding the inlet pipe is for conduction 
of the waste gases and also to prevent heat taken up by slurry from being lost during its 
passage to the kiln. F.P.H. 


Enamels 


What causes common defects in castings? Il. J. W. BoLtton. Foundry, 55, 
403-35 (1927).—Discusses shrinkage cavities, scabs, washes, and cracking. For Part I 
see Ceram. Abs., 6 265 (1927). M.E.M. 

Light colored first-coat enamels for sheet iron. ANon. Bur. Stand., Tech. News 
Bull., No. 122, p. 10(1927).—There is now in progress at the Bureau an investigation 
to eliminate the necessity for the dark first coat of enamel (base coat) either through 
the development of a light-colored enamel which by virtue of its composition has an 
adhesiveness comparable to that of the cobalt base coat or through improving the 
technique of application. Several different opacifying materials added in the raw state 
have been studied and included tin oxide, zirconium silicate, zirconium oxide, and sodium 
antimonate of which the latter two gave promise of satisfactory behavior for this use. 
A test of enamel adherence has been included as an integral part of this problem 

R.A.H. 

The enameling industry today. F.M. Burr. Ceram. Age, 9 [5], 146-48(1927).— 
There have been many advances in the enameling of iron and steel in the past 15 years, 
among them certain developments in enamels, increased furnace and smelter efficiencies, 
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longevity, and the use of other items of improved equipment. There has been no very 


radical and universal reduction in the cost of enamels, the improvement being more in 
quality standards. This article includes a discussion of furnaces, equipment, plant 
practice, kitchen ware, and expansion in the industry. A.E.R.W. 
Resistance of enamel to attack by mineral acids. A. KerRsTAN. Sprechsaal, 59, 
708-709 (1926); Chem. Zentr., 1, 342(1927).—Enamel is attacked most readily by 
hydrochloric acid and nitric acid when the acids are of 25% and 35% strength respec- 
tively. Hydrochloric acid attacks the borates and part of the alkalis; nitric acid dis- 
solves principally sodium oxide, potash enamels being far more resistant to its action. 
(Brit. C. A.) 
Behavior of fluoride ingredients of glasses and enamels. I. G. AGDE AND H. F. 
Krauze. Z. angew. Chem., 40, 525-33 (1927).—A series of enamels containing either 
sodium, calcium, or aluminium fluoride as opalizer, was melted rapidly, chilled, and 
reheated to produce opacity. In some cases the glass became opalescent on first cooling, 
in others the temperatures of reheating required ranged from 510° to 770°. In all 
cases the opalizing medium was a precipitated solid, either in the form of small globules, 
crystal skeletons, or cubes. The precipitate obtained in the sodium and aluminium 
fluoride series had a refractive index of 1.334—1.360, and was soluble in water and 
acids, indicating sodium fluoride (m 1.334). In the calcium fluoride series, the value 
of nm (1.40-1.44), insolubility in water, and slow solubility in acids proved the opalizing 
medium to be calcium fluoride ( 1.435). All deposits were optically isotropic. With 
little supercooling there was a formation of small globules, but greater cooling gave 
either crystal aggregates or cubes depending on the concentration of the fluoride. The 
presence of alumina in the glass tended to reduce the size of the particles. Best results 
were obtained commercially with glasses which were clear on first chilling and which were 
subsequently so reheated as to give fine crystals. Large crystals, besides giving a weak 
and uneven opalescence, adversely affected the physical properties of the glass, such as 


elasticity. (Brit. C. A.) 
BOOK 
Endurance of Metals under Repeated Stress. H.F. Moore. Engineering Founda- 
tion, New York, N. Y. Reviewed in Mining and Met., 8 [246], 275 (1927). F.P.H. 
Glass 


Relationship between chemical composition and the thermal expansion of glasses. 
S. ENGLISH AND W. E.S. TuRNER. Jour. Amer. Ceram. Soc., 10 [8], 551-60(1927). 
Thermal expansion data on soda-silica, soda-lime-silica, soda-magnesia-silica, soda-lime- 
magnesia-silica, soda-alumina-silica, soda-lime-alumina-silica, and other glasses, over 
the range of 25° to 90°C are presented and compared. The relations existing between 
thermal expansion and chemical composition of the glasses, with the exception of boric 
oxide glasses, is approximately linear. New so-called expansion factors calculated by 
the authors give calculated values for expansion coefficients closer to those observed 
than do Winkelman and Schott factors. 

Measurement of the softening temperature of glass. J.T. LITTLETON, JR. Fuels 
and Fur., 5 [4], 507-508 (1927).—A paper presented at the Annual Meeting, AMERICAN 
CrerAmic Society, Detroit, Mich., February, 1927. See Jour. Amer. Ceram. Soc., 
10 [4], 259-63 (1927), and Ceram. Abs., 6 [6], 213 (1927). A.E.R.W. 

A study of the rupture of glass. F.W. Preston. Jour. Soc. Glass Tech., 11 [41], 
3-10 (1927).—A discussion of P’s. paper on this subject. Numerous practical phenome- 
na are cited with reference to P’s. hypothesis relative to glass fracture. The preponder- 
ance of opinion concurred with P’s. conclusions. D.J.McS. 
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Glass annealing. J. W.FrRencH. Jour. Soc. Glass Tech., 11 [41], 10-23(1927).— 
The factors to be considered in the annealing of glass are (1) the rate of dissipation of 
heat by the glass at various temperatures, (2) the thermal expansion of the glass, (3) the 
thermal conductivity, (4) cohesion, (5) viscosity, (6) homogeneity, and (7) the form 
and dimensions of the glass articles. F. suggests that the existence of a surface layer 
influences the annealing of glass. Blocks of glass are more likely to crack when heated 
rapidly than when cooled at the same rate. The appearance under the polariscope is 
not an absolute criterion of the presence or absence of strain in glass. F. describes the 
method used in annealing optical glass in an electric furnace. Different kinds of 
optical glass with varying temperature ranges are annealed at the same time in one 
furnace. D.J.McS. 

A note on stress systems and photoelastic phenomena. F. W. Preston. Jour. 
Soc. Glass Tech., 11 [41], 23-30(1927).—An excellent exposition of the principles under- 
lying the conditions of stress and strain as applied to glass. The practical use of 
photoelastic phenomena is limited, because of complexity, to 2 dimensional cases. The 
use of a polariscope in examining a glass for strain is likely to lead to erroneous con- 
clusions in some cases. Some uncommon glasses do not show double refraction, however 
much they are strained. The direction of the strain and its sign are as important as the 
amount of the strain. Polariscopes giving circularly polarized light give the most 
information but are too complex for ordinary commercial use. Plane polarized light 
has the advantage of allowing the determination of the direction of the principal stresses. 
P. suggests that the most accurate information as to the character of the strains in glass 
would be obtained by the use of a polariscope on the lines of a Jamin refractometer, 
giving the absolute refractive index parallel to the principal stresses. D.J.McS. 

The economics of the annealing process. E. A. Coap-Pryor. Jour. Soc. Glass 
Tech., 11 [41], 30-37 (1927).—C. gives results obtained in experiments on annealing 
over a period of years. Theoretical annealing curves usually do not give good practical 
results because they represent the temperature of the glass and not that of the leer. 
C. agrees with claim of Adams and Williamson that the best procedure is to anneal at 
as low a temperature as possible, but states that values given for lower critical tem- 
peratures are ordinarily much too low. Practice showed that rapid cooling below the 
lower annealing temperature could be effected in the same leer without variation for 
ware of different sizes and weights. The temperature of bottles as they come from 
machines varies from 720 to 830° depending on the type of machine and the size of the 
bottle. Under normal operation, the temperature of the bottles entering the leers varies 
from 580 to 780°. By using a system of curtains heat loss through drafts was rendered 
almost negligible. Excellent results were obtained with the leer of the ‘‘heatless’’ 
type. The ware supplied most of the heat to the leer, the remainder being added by oil 
firing applied to the leer conveyer. D.J.McS. 

Heat losses in leer conveyers. F. A. HurtBurtT. Jour. Soc. Glass Tech., 11 (41), 
37-39 (1927).—H. describes a new type of leer conveyer, to replace the continuous 
chain type, consisting of two series of metal bars set on edge, each set of bars having 
intermittent and opposite motions so arranged as to move the ware through the leer 
in short steps. D.J.McS. 

Investigation of the glassy state by the method of inforced crystallization. J. F. 
PONOMAREFF. Jour. Soc. Glass Tech., 11 [41], 39-52(1927).—In systems which tend 
to give glasses on cooling, P. induces crystallization by maintaining the substance, 
contained in a platinum boat, for a sufficient period of time in a furnace at a tempera- 
ture favorable for the development of crystallization. When devitrification is complete 
the boat is set in the furnace so that one end is brought to a temperature above the 
melting point of the crystals, while the other end is maintained below this temperature. 
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A naked thermocouple is moved to the junction of the liquid and crystalline phases and 
the melting point of the crystals measured here. Using this method, minima and maxi- 
ma were determined on a number of systems as follows: Borax-calcium phosphate gives 
a minimum at about 575° corresponding to 90% borax and 10% calcium phosphate. 
Borax-alumina gives a maximum of 640° with 10% alumina and a minimum of 400° 
with 5% alumina. Borax-magnesia gives a minimum of 595° with 20% magnesia and 
a possible maximum above 675° with between 5 and 10% magnesia. Borax-lime gives 
a minimum at 675° with 12.5% lime. Borax-zinc oxide gives a minimum at 643° with 
20% zinc oxide, Borax-lead oxide gives minima at 682° with 5% lead oxide and at 
679° with 12.5% lead oxide and a maximum at 723° for 10% lead oxide. P. defines a 
glass as a substance, which, being a strongly undercooled fusion, gives on crystallizing 
from the molten mass, crystals of the same chemical composition as the mass ‘itself. 
D.J.McS. 
Transparent zirconia-containing glasses. V. DimBLesy, S. ENGLIsH, E. M. FIRTH, 
F. W. HopkKIn, AND W. E. S. Turner. “Jour. Soc. Glass Tech., 11 [41], 52-64 (1927).— 
A number of glasses were prepared containing zirconia replacing soda or silica in varying 
amounts. As much as 8% zirconia can be introduced into soda-lime-silica and soda- 
magnesia-silica glasses without producing opalescence. Glasses high in zirconia are 
very viscous and quick setting. When zirconia replaces either soda or silica a continuous 
increase in the annealing temperature takes place. Substitution of soda or silica by 
zirconia increases the density of the glass. Zirconia is superior to magnesia in lowering 
the coefficient of expansion of glasses. The effect of zirconia on the coefficient of 
expansion of glasses is much less than that which would be expected from the coefficient 
of expansion of zirconia itself. Zirconia increases the resistance of the glass to the 
action of water, acids, and alkalis. D.J.McS. 
The function of arsenic in potash-lead oxide-silica glasses. S. ENGLisuH, E. M. 
FIRTH, AND W. E. S. TurNER. Jour. Soc. Glass Tech., 11 [41], 65-76 (1927).—Potash- 
lead oxide-silica-flint and potash-lead oxide-silica-bone ash opal glasses retained on 
melting between 80 and 90% of the arsenic added to the batch in a series of melts 
containing between .10 and 1.80% arsenious oxide. The greater part of the arsenic 
was retained in the pentavalent condition. The addition of arsenic increased the rate 
of melting and refining, the increase in the melting rate being progressive with increasing 
arsenic content while the best refining results were obtained with between 20 and 30 parts 
arsenious oxide per 1000 of sand. More than 50 parts arsenious oxide per 1000 of sand 
tended to give scum. Glass of the best working character was given by the batches 
containing only 2 parts arsenious oxide per 1000 of sand. With increase in arsenic con- 
tent to between 5 and 10 parts arsenious oxide per 1000 of sand the working character 
became unsatisfactory but improved with increase in arsenic content to between 15 and 
30 parts per 1000 of sand. Most favorable results with potash-lead oxide batches 
containing less than 5 parts arsenious oxide per 1000 of sand are given when the batch 
contains between 1 and 2% moisture. D.J.McS. 
Effect of the amount of cullet on the melting of glass. W.E.S. Turner. Fuels 
and Fur., 5 [5], 632 (1927).— This is an abstract of a paper presented before the Society 
of Glass Technology. With a large proportion of cullet in the batch, the viscosity 
of the glass tended to become high and the working range to become shorter. This had 
been ascribed to the volatilization of the alkali. This explanation was not substantiated 
by experiments, as it was found volatilization did not become a factor until 1500 to 
1600°C was reached. The real explanation was as yet unknown, A.E.R.W. 
Lime for the glass industry. Epwin P. ArtHuR. Jour. Ind. Eng. Chem., 19 [6], 711- 
12 (1927).—Less than 2% of the total lime production of the U.S. is consumed in the 
manufacture of glass but many lime manufacturers find the glass trade attractive. Over 
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one-half the glass is made from raw limestone rather than burned lime. There is 
much to recommend burned lime. It is generally more uniform chemically and less 
contaminated with incidental impurities. A batch made with lime occupies less space 
per unit weight. Lime for the glass industry should contain less than .2% iron oxide and 
should be slightly overburned. A dense and less dusty lime for the glass industry would 
be desirable. R.J.P. 
Society of Glass Technology hears about new 15-arm automatic bottle machine. 
Anon. Ceram. Ind., 9 [1], 66(1927).—The following papers presented at the meeting 
of the Society of Glass Technology on May 18 are abstracted: (1) ‘The Decomposition 
of Glass by Water at High Temperatures and Pressures,’ by G. W. Morey and N. L. 
Bowen, (2) ‘‘The New British 15-Arm Automatic Suction Bottle Machine,”’ by Francis 


Redfern, Jr. F.P.H. 
Insulators of fused quartz. Natit. Puys. LAs. Engineering, 122, 115(1926); 
Keramos, 6 [5], 184(1927). See Ceram. Abs., 6 [2], 56(1927). F.P.H. 


A pyramid of thirty tons of glass. ANON Amer. Glass Rev., 46 [39], 15 (1927); 
Glass Ind., 8 [7], 164(1927).—A description of a pyramid built of 6,194 5-gallon bottles, 
to demonstrate the strength of these large containers. This represents part of a single 
day's production on the carboy machine of the Illinois Glass Co. E.J.V. 

Weber Showcase & Fixture Co. makes glass grinder, invention of Karl Weber. 
ANON. Amer. Glass Rev., 46 [40], 27-28(1927); Nat. Glass Budget, 43 [8], 3(1927).— 
A description of a machine for rounding and polishing plate glass edges, a work pre- 
viously done entirely by manual labor. Details of construction and operation are 
discussed and advantages of this new method are listed. E.J.V. 

Glass industry’s contribution to growth of Toledo is reviewed. ANON. Amer. 
Glass Rev., 46 [40], 34-36 (1927).—A review of a special edition of the Toledo Blade which 
portrayed the major part played by glass in the growth and industrial expansion of 
Toledo. E.J.V. 

Progress made with chromium plated molds. Anon. Glass Ind., 8 [7], 157(1927). 
—A process for indefinitely prolonging the life of glass molds by coating them elec- 
trolytically with chromium has been under investigation with satisfactory results 
reported. Patents have been applied for and some have been granted for this process. 

E.J.V. 

Displacement of labor by machinery in the glass industry. (continued). ANON. 
Glass Ind., 8 [7], 161-64 (1927); reprinted from Monthly Labor Review of the U. S. Bur. 
of Labor Statistics.—Data on output and productivity, value of output, wage workers’ 
earnings, and child labor in the industry are presented. See Ceram. Abs., 6 [7], 267 
(1927). E.J.V. 

Uranyl carbonate in glass. ANoNn. Glass Ind., 8 {7}, 176(1927); Nat. Glass Budget, 
43 [8], 5(1927); Amer. Glass Rev., 46 [41], 16(1927).—Sodium uranate is being replaced 
by uranyl carbonate of sodium because the latter costs about one-half as much as the 
former and gives a greater brilliancy to the glass. Both compounds produce the 
fluorescent coloring of the uranglass. E.J.V. 

Macbeth-Evans Glass Company one of country’s pioneer glass manufacturers. 
Anon. Nat. Glass Budget, 43 [7], 3(1927).—A historical sketch of the development and 
growth of the Macbeth-Evans Glass Co. BJ.¥. 

New motor-driven machine for making high grade block and joint mold pressed 
ware. Anon. Nat. Glass Budget, 43 [9], 3(1927); Amer. Glass Rev., 46 [41], 18(1927). 
—A description of a new machine introduced by Wm. J. Miller, Inc. E.J.V. 

Canton Glass Company has twenty-fifth anniversary. ANon. Nat. Glass Budget, 
43 [10], 3(1927).—A description of the celebration of the 25th anniversary of the Canton 
Glass Co., of Marion, Ind. E.J.V. 
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Census of glass manufacture—1925. Anon. Nat. Glass Budget, 43 [10], 3(1927). 
—Data from a complete census of the glass and mirror manufacturing industries taken 
by the Department of Commerce, Washington, in 1925, are given. E.J.V. 


Bellaire’s glass industry. Anon. Nat. Glass Budget, 43 [10], 23 (1927); reprinted 
from Bellaire Daily Leader.—A sketch of the past and present glass industries of Bell- 
aire, O., formerly known as ‘“The Glass City.” E.J.V. 

The surface brightness of illuminating glassware. ANON. Pottery Gaz., 52 [601], 
1124-25 (1927).—Results of measurement of the surface brightness of 18 diffusing bowls 
used for interior lighting are given. Each bowl was fitted with a gas-filled electric 
incandescent lamp of the size for which it was said to be suitable. The brightness was 
measured by means of a portable illumination photometer having a detached test sur- 
face. The reflection factor, p, of this surface was determined by subsidiary experi- 
ment, so tht the brightness of any region of a bowl could be determined directly by 
substituting it for the photometer test surface. The photometer was calibrated in foot- 

p 
1447 
in candles per square inch. The procedure used and data obtained are given. Tests 
for uniformity of diffusing properties showed only 4 of the 18 bowls with changes of 
brightness per inch greater than 10% of the mean value in the neighborhood. 

E.J.V. 

Mass-production glassmaking for motor cars. HENRY ForpD. Pottery Gaz., 52 
[601], 1126-27(1927); reprinted from Ford’s Today and Tomorrow.—A nontechnical 
description of plate glass production by the old method at the Ford glass plant at 
Glassmere, Pa., and by the continuous process developed at Highland Park and in use 
at the River Rouge plant. E.J.V. 

The iodoeosin test on powdered glass. W.My.ius. Sprechsaal, 59, 327 (1926).— 
In order to extend the iodoeosin test to glass in the powder form, the following method 
was used. The glass to be tested was powdered in an agate mortar in a wooden box 
desiccator over fused calcium chloride. This box was provided with a window for 
observation, and an india-rubber gauntlet glove let into one side, so that grinding could 
be performed out of the presence of moist air. After sieving the powdered glass, the 
fraction between sieves 4900 and 5900 (mesh size 0.085 to 0.07 mm) was retained, and 
this formed from 12-18% of the total. A fixed amount of the powder, namely, 0.15 cc, 
was measured into a special glass filter (No. 1 C 3/5-—7 of Schott und Gen.) which was 
then closed at the top by a stopper, through a hole in which passed a tube connected with 
a blow-ball. About 80 cc of iodoeosin solution of the strength used for normal tests 
(0.5 gm of iodoeosin per liter of aqueous ether) was placed in a glass-stoppered cylinder 
10 cm high and 5 cm wide, while in a second cylinder was placed a similar amount of 
dry ether. - The glass filter was then dipped to a depth of about 2 cm into the iodoeosin 
solution and the liquid allowed to enter through the bottom plate and cover the glass 
powder. After exactly 1 minute the liquid was again blown out by means of the 
blow-ball, the filter removed from the cylinder, and drops removed from the lower edge. 
By dipping the filter into and half filling with dry ether then blowing out with 3 or 4 
blasts of air, and drying below with filter-paper, the glass was left as a more or less red 
dry powder. The Schott funnel was washed free from excess coloring matter (particu- 
larly below the filter plate) by means of a linen cloth dipped in a weak sodium carbonate 
solution (0.1 gm per liter). It was then filled 3} full with distilled water over a 100 cc 
measuring flask with a funnel, and after a short time the red solution was poured into 
the flask. Asa rule, the powder was freed from color after 2 or 3 washings, when the 
liquid was bulked to 100 cc with dilute alkali and colorimetrically estimated. Compari- 
son was performed against a standard sodium iodoeosin solution in a ‘“‘plunge’’ color- 


candles, hence its readings were multiplied by the factor to obtain the brightness 
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imeter in which the reflection plate was illuminated by a daylight lamp. It was found 
that, with the varying ion concentration of the tested solution as opposed to a standard 
solution of constant depth, results were somewhat low, and a correction was necessary 
which varied according to the strength of the compared solution. A solution of 0.0025 
gm of iodoeosin per liter, for instance, required a correction of 6.6%. When tested by 
the above method, glasses of the ‘‘hydrolytic classes’’ III and IV showed approximately 
parallel increase of attack with increase of volume of glass used. In a comparison of 
results by the powder method, on 0.15 cc of powder, with those for the same glasses (of 
classes I, II, and III) tested at the Reichsanstalt by the original iodoeosin method, a 
linear relationship was obtained. Results are given in Table I. It appeared possible, 
by use of the method, to determine the surface area of a sample of powdered glass from 
Natural alkalinity per sq. m. 
alkalinity of the powder (given in the table) was obtained by exposing it to the action 
of air saturated with water vapor at 18° for a period of 7 days. It was emphasized that 
for glasses of less stability than those examined the question of the preparation of glass 
powders of equal surface to those required still further study. It was possible that a 
still finer powder than that employed would have to be used. 


the relationship, surface area (sq. m) = 


TABLE I 
Powder Method Original Method 
Iodoeosin mg/0.15 cc of sample Calcd. to mg/sq. m. from curve Iodoeosin value, mg/sq. m 
Glass Natural Weathered Natural Weathered Natural Weathered 
A 165 4.2 2.5 
153 4.0 
Ao 101 2.8 ase 
112 2.6 
B 260 6.6 7.0 
275 7.0 
Bo 181 4.6 4.4 
232 [6.0] 
360 9.2 10.0 
350 9.0 
Co 239 6.2 6.0 
337 8.6 
D 450 11.5 12.0 
445 11.5 
Do 332 9.0 10.0 
352 8.5 
E 475 12.2 12.0 
520 13.3 
Eo 615 15.8 15.0 


(Jour. Soc. Glass Tech.) 


Absorption of gases by glass walls. IV. Methyl chloride and oxygen. M. 
Crespi. Annales Soc. espan. fis. quim., 25, 25-41(1927).—Tests were made on the 
absorption of CH;Cl and O, by the same apparatus and method as for NH; and SO, 
(C.A. 20, 2928). The sensitiveness of the apparatus was determined in order to know 
the precision of measuring small amounts of gas for which absorption by the glass walls 
is not great. The relation between amounts of gas absorbed by the glass of the flasks 
and of the tubes was confirmed as 3/2 with a given surface. The values of this absorp- 
tion by flasks of different volume and under different pressures were determined. By 
some examples the errors of microvolumetric determinations when no attention is 
paid to the phenomenon of gas absorption are shown. The variation of the product 
PV as a function of the amount of gas absorbed is also calculated. (C.A.) 


PATENTS 
Glass-forming machine and process. Orin A. HAnrorp. U. S. 1,633,634, June 
28,1927. The method of handling glass blanks in the making of blown glassware which 
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comprises forcing the glass into a groove, supporting the glass by friction against force 
of gravity, blowing the blank while suspended from the holding device and then ejecting 
the glass from said groove. 

Colorless Crookes glass. PHitip VicToR WILLINGHAM GELL, CHARLES EDWIN 
GOULD, WILFRED MArsH HAMPTON, AND HAROLD SHARPE MARTIN. U. S. 1,634,182, 
June 28, 1927. A glass for use in lenses, said glass containing cerium in sufficient 
quantities to partially absorb the ultra-violet rays and didymium in sufficient quantities 
to assist in the absorption of such rays and to neutralize the color that would be imparted 
to the glass by the cerium, and with the cerium to absorb practically all the ultra-violet 
rays. 

Drawing sheet glass. JAMES B. SMALL AND FRANK J. Kincarp. U. S. 1,634,802, 
June 28, 1927. In the method of drawing sheet glass, wherein molten glass is con- 
tinuously flowed from a tank furnace into a shallow receptacle, and drawn away there- 
from in sheet form, the process of removing heat from the glass as it flows into the 
receptacle by placing a heat-absorbing body closely adjacent the surface of this glass. 

Method of making hollow glassware. Rospert W. CANFIELD. U. S. 1,635,704, 
July 12, 1927. The method of making hollow glassware, which comprises blowing a 
parison and then imparting a contracted neck portion thereto by removing a portion of 
the air contained therein, inclosing said parison in a mold, and blowing it to final form 
therein. 

Method and apparatus for blowing glass parisons. GEORGE E. 
Howarp. U. S. 1,635,716, July 12, 1927. The method of making 
blown glassware that comprises charging a parison mold with glass, 
compacting the glass in the parison mold by pressure applied through 
the open end of said mold, counter-blowing the glass in said mold by 
air pressure applied at one end of said mold while leaving the opposite 
end of said mold open, and causing the displacement of said glass 
in said mold to automatically stop the said expansion when said 
expansion has proceeded to a predetermined extent. 

Shock-resisting glass. Wittiam C. Butt. U. S. 1,632,363, 
June 14, 1927. As an article of manufacture, a laminated glass product composed of 
sheets of glass held together by a transparent membrane and at least one of said sheets 
containing therein only spaced strands of disconnected wires in noncrossing relation. 

Method of cooling molds. Orin A. HANForp. U. S. 1,632,962, June 21, 1927. 
The method of cooling blow molds in the making of glassware which comprises lowering 
the mold from blowing to inoperative position, spraying the mold with a cooling fluid, 
and raising the mold to blowing position to stop the spraying action. 

Glass-forming apparatus. Orin A. HAnrorp. U. S. 1,632,963, June 21, 1927. 
Means for introducing fluid to glass blanks comprising a conduit leading to the blank 
retaining head, a normally closed valve in said conduit, a nozzle through which fluid is 
passing continuously and pneumatic means for intermittently moving said nozzle into 


coéperative relation to said conduit. 

Apparatus for feeding molten glass. LEONARD D. Soupier. U. S. 1,633,044, June 
21, 1927, An apparatus for delivering charges of molten glass, the combination of a 
container for the glass having an outlet opening in its bottom, a regulating member pro- 
jecting downward into the glass over the outlet and controlling the discharge, said con- 
tainer having an inlet opening below the normal level of the glass, means for supplying 
glass to the container through the inlet opening, and means to distribute the entering 
glass around the regulating member and then to cause the distributed glass to move out- 
wardly away from the regulating member before it reaches the said outlet opening. 
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Glass and process of making the same. BERNARD Lonc. U. S. 1,633,534, June 
21,1927. A glass having high absorption for short rays such as the X-rays, containing 
a large percentage of X-ray absorbing oxides tending to decrease changes of fluidity of 
the glass with change of temperature conditions, and also containing zirconium oxide. 


Heavy Clay Products 
Brick wall investigation. ANoNn. Ceram. Age, 9 [5], 165(1927); Bur. Stand., Bull., 


No. 118, pp. 1-2(1927). See Ceram. Abs., 6 [5], 175 (1927). A.E.R.W. 
Physical properties of heavy clays. Ceram. Age, 9 [5], 166-67 (1927); Bur. Stand., 
Bull., No. 119, pp. 3-4(1927). See Ceram. Abs., 6 [6], 221 (1927). A.E.R.W. 


The development stage in the testing of building material. H.Bucuatrz. Tonind. 
Ztg., 50 (SOth Anniv. No.) 67-68 (1926).—The testing of the following building material 
is discussed: (1) natural building material, (2) cement, (3) concrete, (4) lime, (5) 
brick, (6) other artificial building material. F.P.H. 

Opening new channels for brick and tile. E. L. Bowman. Brick Clay Rec., 71 
[1], 30(1927).—In order to increase the amount of brick and tile that can be marketed, 
ways of reducing the cost of structures built of clay products must be provided. First 
class bricklayers must be developed. An instructor-training conference is to be held 
at Ohio State University starting Aug. 15. E.J.V. 

Study on porosity of stiff-mud brick completed. Anon. Brick Clay Rec., 71 [1], 
31(1927).—An abstract of Bull., No. 11, of the American Refractories Institute; see also 
Ceram. Abs., 6 [8], 342 (1927). E.J.V. 

Seventy-nine years manufacturing sewer pipe. ANon. Brick Clay Rec., 71 [1], 
33-36(1927).—The American Vitrified Products Co. of Akron, Ohio, has applied 
knowledge and experience, gathered since 1848, to its new plant at Brazil, Indiana, which 
conforms to the modern idea of sewer pipe production. A description of the plant is 
given. E.J.V. 

To sell brick see Europe. B.Muirriin Hoop. Brick Clay Rec., 71 [1], 42-44 (1927). 
—The story of clay products used in buildings the world over, as seen on the round-the- 
world trip by H. 

PATENTS 

Hollow building unit. GrorGe D. REAGAN. U. S. 
1,633,191, June 21, 1927. A rectangular hollow building 
tile of the kind described, comprising a plurality of separable 
units, each unit being defined at the exterior faces of said 
tile by kerfs formed by offset transverse webs uniting said 
units and a single connecting web located centrally of said 
tile. 

Reénforced hollow fracturable building unit. GrEorGeE D. 

”, REAGAN. U. S. 1,633,192, June 21, 1927. A divisible build- 

——— ing unit of the kind described, comprising half sections united 

by fracturable connections along a distinct longitudinal line of 
fracture, each half section being divisible into quarter sections 
along distinct lines of fracture laterally of said first line of frac- 
ture, and each quarter section having a plurality of equally 


spaced transverse webs forming a plurality of equally spaced transverse voids. 

Hollow building unit. GrorGe D. REAGAN. U. S. 1,633,193, June 21, 1927. 
A rectangular hollow building block or tile, comprising double outer walls on each side, 
said block being divisible along distinct lines of fracture into four separable building 
units, each unit having two double walls and two single walls, and each unit being joined 
to an adjacent unit by a plurality of fracturable transverse webs. 
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Refractories 


Service factors governing the slagging of boiler furnace refractories. R. A. SHER- 
MAN AND EDMUND TAYLOR. Jour. Amer. Ceram. Soc., 10 [8], 629-43 (1927).—Service 
factors, dependent on the type of coal burned and the method of burning, that are 
considered to govern slag erosion directly are: (1) refractories temperatures, (2) furnace 
gas temperatures, (3) furnace gas compositions, (4) furnace gas velocities, (5) slag com- 
position, and (6) slag quantities. Values determined for part or all of these factors 
under each of the following sets of conditions are presented and their significance is 
discussed: (1) eastern bituminous coals on underfeed stokers, (2) powdered eastern 
bituminous coals in furnaces with extended radiant-heat absorbing surface, (3) high- 
sulphur Pittsburgh coal on underfeed stokers, (4) low-sulphur Pittsburgh coal on under- 
feed stokers, (5) high-sulphur Pittsburgh coal on chain-grate stokers, (6) Illinois coal 
on chain-grate stokers, and (7) powdered Illinois coal. This paper was also published 
in Mech. Eng., 49 [7], 735(1927). 

The effect of size of grain upon the properties of silica cement. SANpForD S. COLE. 
Jour. Amer. Ceram. Soc., 10 [8], 644-50 (1927).—A thorough study has been made of the 
effect of size of grain upon the softening point and linear change of silica cements pre- 
pared in the laboratory. The ratio of grain sizes in a cement of constant chemical 
composition has a distinct effect upon the softening point. The linear change after 
heating to 110 and 1300°C was not appreciably affected by variation in grain size. 
From data obtained by testing a large number of commercial cements it is concluded 
that, owing to variations in clay content, screen analyses are not definitely related to 
rate of settle or to softening point. A method for determining “rate of settle’ is 
described. 

Sagger symposium; notes on sagger bodies. Lep By E. H. Fritz. Bull. Amer. 
Ceram. Soc., 6 [7], 183-94(1927).—A general discussion of data obtained by various 
ceramists on saggers as made and tested in their plants and laboratories. E.J.V. 

Firebrick problems. Tom Har. Bull. Amer. Ceram. Soc., 6 [7], 199-201 (1927).— 
Several problems encountered in firebrick manufacture, such as manganese stained 
fire clay, coarse nonplastic clay in fhe upper part of a pit with excellent clay in the 
lower part of the pit, need of water glass or common salt additions to fire clay to improve 
working conditions, and the development of a fire brick to meet all purposes and resist 
attack of all kinds of fuel used in the west are discussed. E.J.V. 

Able discussion on glass industries refractories. DoNALp W. Ross. Nat. Glass 
Budget, 43 [9], 3(1927).—A brief review of the refractories used in the glass industry, 
largely a review of the generally accepted principles and containing little new material; 
see also Bull. Amer. Ceram. Soc., 6 [7], 215-16(1927). E.J.V. 

Experiments with furnace slag prevention. GEORGE G. McVICKER. Power, 
65 {20], 743 (1927).—Experiments have been made of reducing slag formation by the 
use of preventives. Common salt gave the most promising results. Salt placed in a 
crucible on a ledge within the furnace greatly reduced slag trouble on the brick work and 
tubes. 

Effect of radiant heat on water-cooled furnace walls. A. G. CHRISTIE. Power, 
65 [22], 841(1927).—Small increases in furnace temperature greatly increase the rate 
of heat transfer. Increase in furnace temperature causes brick work troubles. The 
ash of certain coals particularly when burned in powdered form, causes brick wall 
failures. Because of these troubles water-cooled walls are replacing fire brick. Further 
study is required of water levels in drums, feed regulation, blowing down of water- 
cooled walls, dust removal from the tube surfaces and recirculation in the side walls. 


C.J.H. 
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Italian refractory clays. G. Miromi. Corr. d. Ceram., 7, 196-98(1926).—The 
chemical composition and refractoriness of six clays are reported. The location of 
available deposits is given. tS 

Refractories in the gas industry. W.T.GARDNER. Gas Jour., 175, 664(1926).— 
The properties of the 3 materials, i.e. fireclay brick, siliceous brick, and silica brick used 
in construction of retorts and limits of operation is described. The necessity of high 
heat conductivity, resistance to load at high temperatures, resistance to coal-ash attack, 
resistance of refractory to salty coals, resistance to rapid fluctuations in temperature 
and resistance to abrasion in the refractory lining was put forward in fair detail. Silica 
has been found to have the ability to meet these many conditions in a better manner 
than the other two materials. G. describes tar properties of each material and dis- 
cusses the refractories after contraction and expansion of fireclay brick and siliceous 
brick. G. prescribes 2.35 as the high limit of specific gravity of silica brick due to 
expansion data presented in the article. G. warns against the use of excess lime in the 
brick and excess amount of clay in the cement and also the danger of a cement not being 
sufficiently refractory. 

Some experiments with salty coal. F.C. BisHop. Gas World, 86, 16(1927).—Use 
of silica and semisilica for lining ovens of Otto waste heat type was reported as to the 
effect of salt on the oven walls. Coal contains 6% free moisture and 0.39% NaCl. 
Semisilica required replacing in 15 to 18 months. Silica increased the life to 4 years and 
no apparent failure. Coke yield per year increased 7,700 tons for 50 ovens. 

The influence of foreign matter on the thermal expansion and transformation of 
silica. J. F. L. Woop, H. S. HouLpswortH, AND J. W. Coss. Trans. Ceram. Soc. 
[Eng.], 25 [4], 289-303 (1925—26).—Test pieces prepared from quartzite flour (ground 
to pass 100-mesh I.M.M. sieve) with the addition of various substances (mostly having 
a relatively low melting point) were fired at cones 9, 12, and 14, and their reversible 
thermal expansion, porosity, density, and refractoriness compared with specimens 
containing 2% of lime and fired at corresponding temperatures. It was found that 
boric acid, potassium carbonate, potassium chloride, potassium chromate, biotite, 
sodium feldspar, lithium chloride, and ferric oxide facilitated the conversion of the 
quartz, the effects of boric acid, potassium carbonate, and biotite being the most pro- 
nounced in modifying the reversible thermal expansion. The density of the specimen 
was not always an accurate indication as to the reversible thermal expansion of the 
material. This effect could be explained by assuming that some of the quartz had 
gone into solution and had not separated as cristobalite or tridymite on cooling, but had 
retained the expansion characteristics of a glass. The refractoriness of the different 
mixtures (except when 10% borocalcite was added) was not appreciably inferior to that 
of the quartz with 2% of lime added. Some of the mixtures showed an increase and 
others a decrease in porosity as the firing temperature was raised. R.F.S. 

The influence of iron oxide and iron sulphides on the rate of quartz conversion in 
commercial silica brick manufacture. W. HuGiILt AND W. J. Rees. Trans. Ceram. 
Soc. [Eng.], 25[ 4], 309-13 (1925-26).—It is evident that the use of ganister with pyritic 
incrustation of marcasite is not detrimental to the brick, but that it results in a higher 
degree of quartz conversion with the same heat treatment and appears also to increase 
the mechanical strength of the brick. Data indicates the favorable effect of the pres- 
ence of iron oxide on the rate of quartz conversion and on the mechanical strength of the 
brick. R.F.S. 

A further note on the influence of iron oxide in promoting the inversion of silica. 
W. J. Rees. Trans. Ceram. Soc. [Eng.], 25 [4], 314-17 (1925-26) —It is evident that 
the presence of iron oxide in a silica brick batch effects at normal silica brick kiln tempera- 
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ture not simply a greater degree of quartz inversion, but also an acceleration of the rate 
of tridymite formation. An ordinary test on the normal brick gave its refractoriness as 
cone 32 so that the refractoriness of the ferruginous portion of brick would be slightly 
higher than cone 31. It appears possible that the presence of 2 to 3.5% of iron oxide in 
silica brick for use in open-hearth or other metallurgical furnaces would be advantageous 
as the increased tridymite content of the brick would result in greater volume stability 
and reduced spalling tendency. For coke-oven brick, it is possible that the advantages 
of greater tridymite formation would be offset by the effect of the iron oxide in promoting 
dissociation of carbon monoxide and internal deposition of carbon in the brick. 
R.F.S. 
A note on some cases of ‘‘spalling”’ in silica gasretorts. W.J.Rees. Trans. Ceram. 
Soc. [Eng.], 25 [4], 321-22 (1925-26).—The presence of segregated iron-oxide in silica 
material may, when the material is heated in the presence of carbon monoxide, lead to the 
internal deposition of carbon when the concentration of iron oxide is sufficiently high. 
The examination of the ‘“‘spalled’’ material and the laboratory experiments suggest the 
desirability of using every care to avoid segregations of iron oxide in silica material which 
is to be used in gas retorts. R.F.S. 
Corrosion of steel furnace refractories. ALEXANDER Scott. Trans. Ceram. Soc. 
[Eng.], 25 [4], 339-51 (1925-26).—A brief description of used refractories from steel 
furnaces is given but no attempt has been made to give an explanation of the observed 
phenomena. The history of the changes which occur may be summarized as follows: 
At an early stage the penetration into the roof bricks by the dust commences and as it 
progresses there is a transference of the lime-silica glass toward the cooler parts of the 
bricks, the progress being retarded owing to the temperature gradient in the roof. This 
local concentration of the vitreous matrix is responsible for the relative distribution of 
the various forms of silica in the used brick. Ultimately, the gray zone becomes wholly 
fluid, in certain cases, so that the distribution of the constituents is independent of the 
original structure. R.F.S. 
The influence of wet grog on the properties of saggers and other refractory goods. 
J. KoNARZEWsKI. Trans. Ceram. Soc. [Eng.], 25 [4], 386-91 (1925-26).—Two sets of 
grog fire brick were prepared, the first with dry grog, the second with wet grog and the 
chief properties of the fire brick, viz., contraction, specific gravity, porosity, tensile 
strength, crushing strength, cold, resistance to deformation at high temperature (7.e., 
refractoriness under load) were examined. The results reported in this paper do not 
possess any absolute value. They indicate only that, of two brick made from the same 
materials in the same way, the one made from wet grog is better. It is quite possible 
that, with clay and grog chosen more suitably, the improvement of properties would be 
still more marked. Comparison of all the figures in the tables shows that the differences 
between brick made from wet and dry grog decrease when the amount of grog increases. 
So far as the quality improvement of the brick made from wet grog is concerned, the 
explanation is doubtless to be found in the fact that clay sticks to wet grog much better 
than to dry grog, and the different particles of the brick are cemented more closely to- 
gether after firing. The slightly greater porosity of bricks made from wet grog appar- 
ently contradicts the above statement, but it is probably simply due to the greater 
amount of water in a body made from wet grog. R.F.S. 
Refractory linings for cement kilns, GzEorrREY MARTIN. Trans. Ceram. Soc. [Eng.], 
25 [4], 394-97 (1925-26).—The prime condition regulating the lining of the drying zone 
of the kiln is the price of the lining, the cheapest materials of a suitable nature often 
lasting for years. The same type of lining can be used in the preheating zone as in the 
drying zone, but it is usual to make this layer 6 in. thick, as here the abrasive action of the 
material rolling inside the kiln is somewhat more marked than in the first part of the 
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kiln, while the temperature is sensibly higher. Hence a good type of dense, 
nonporous fire brick is all that is required in this part of the kiln. The lining in the 
calcining zone of the kiln must be capable of resisting the corroding action of red or white 
hot lime and, therefore, a brick containing a very high percentage of silica is not suitable 
for this part of the kiln. In addition to this the lining is subjected to a considerable 
abrasive action by the hard-baked raw materials continually rolling and falling upon the 
sides. A good fire-resisting brick, about 6 in. thick, is usually employed for this part of 
the kiln. The next 40 ft. constitute the clinkering zone. R.F.S. 
The trend of design in modern coke-oven construction and its bearing upon refrac- 
tory materials. A. E. J. Vickers AND A. T. GREEN. Trans. Ceram. Soc. |Eng.], 
25 [4], 407-26 (1925—26).—The various advantages of silica appear to lie in its constant 
physical properties, which may be used to determine the type of structure required. 
Even the volume change of a well-fired silica brick need not be more erratic than is the 
case with many fire brick. The silica material stands up better under load, it is more 
resistant to corrosion and enables ovens to be operated at quicker rates than does 
fire clay, thus increasing the output. Many of the problems touched upon in this paper, 
such as conductivity, radiation phenomena, spalling insulation, the effect of loads and 
atmospheres upon refractory materials are being investigated by the research staff of the 
British Refractories Research Association at Stoke and elsewhere in the hope of render- 
ing the refractory materials industry, and those industries which depend upon refractory 
materials for their operation, more efficient and certain in the results which they desire 
to obtain. R.F.S. 
Factors affecting open-hearth refractories. B. M. LARSEN AND A. GRODNER. 
Blast Fur. Steel Plant, 15 [5], 217-20(1927).—The 2nd of a series of articles on 
this subject. An analysis of heat transfer and temperature as they affect the refractor- 
ies in the melting chamber is given: Water-cooling and wall-insulation are found to play 
a prominent part. For Pt. I see Ceram. Abs., 6 [6], 224(1927). F.P.H. 
Refractory materials for metal furnaces. WALTER J. May. Blast Fur. Steel Plant, 
15 [5], 247(1927).—A description of the characteristics required of refractories for 
different types of installations. F.P.H. 
A laboratory study of slag erosion. S. J. McDowe Li. Blast Fur. Steel Plant, 
15 [6], 286-87 (1927).—A report of the research work carried out under the special 
Research Committee of the A.S.M.E. F.P.H. 
Some notes on open-hearth refractories. B.M.LArsen. Blast Fur. Steel Plant, 
15 [6], 295-96 (1927).—Comparison is made of different refractories for banks and 
bottoms. The relative spalling resistance of various brick is discussed. The use and 
properties of silica, chrome, and magnesite are described. F.P.H. 
The gas permeability of refractory brick used in metallurgical furnaces. F. A. 
WICKERHAM. Blast Fur. Steel Plant, 15 [6], 297-300 (1927).—The factors investigated 
as effecting permeability were pressure, type of brick, and temperature. The results 
show that there is considerable variation in the permeability of different brick of the 
same kind, but when the test was made on the same brick, the time required for 1 cu. 
ft. of free air to pass through different exposed areas varies inversely as the square roots 
of the exposed areas. Tests were carried out on silica, chrome, magnesite, and fireclay 
brick. In the case of the fireclay brick the results show that the process of manufacture 
has a considerable effect on the permeability. The hand-made repressed brick are more 
permeable than any other. The auger machine repressed first quality fireclay brick 
showed the greatest variation in permeability. When brick of this latter type are well 
made they are practically impervious to gases. F.P.H. 
The gas permeability of refractory brick. F. A. WickeRHAM. Blast Fur. Steel 
Plant, 15 [7], 339-43 (1927).—The 2nd of a series of articles on this subject. The porosity 
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of brick is determined largely by the method of manufacture. The flow of gases through 
brick should be prevented. The effect of various coatings is described. These papers 
were presented at a meeting of the Amer. Iron and Steel Inst., held in New York, May 
20, 1927. Also abstracted in Fuels and Fur., 5 [6], 717-22 (1927). F.P.H. 
Shrinkage of fireclay refractories. M.C. Booze. Blast Fur. Steel Plant, 15 [6], 
301-302 (1927).—A brief presentation of the reasons for the contraction of refractory 
shapes. Quantity of moisture, fine grinding, firing, etc., determine the degree of 
change in size. 
Manufacture of refractory shapes. Ronatp A. MAtony. Blast Fur. Steel Plant, 
15 [6], 302-303 (1927).—A perfect refractory should meet the following requirements at 
any temperature: (1) it will not fuse or soften; (2) it will not crumble or crack; (3) its 
contraction and expansion will be extremely small; (4) it will be impermeable to gases 
or liquids; (5) it will resist mechanical abrasion; (6) it will not react chemically with 
substances in contact with it; (7) it will either be a very poor or a good conductor of heat. 
In a water-gas set the ideal refractory would confine all the heat to the inside of the gen- 
erator. Ina gas retort the direct opposite will apply. A perfect retort will conduct all 
of the external heat to the coal contained inside to effect carbonization. F.P.H. 
Troubles of the furnace builders with refractories. ANon. Blast Fur. Steel Plant, 
15 (6], 305-307 (1927).—The conditions that exist in certain types of furnaces are 
considered together with the character of refractories that will meet these conditions. 
The following 3 representative types of installations are discussed: (1) underfired normal- 
izing furnaces, (2) enameling furnaces, (3) brass melting furnaces. Refractories to meet 
the following requirements are needed: (1) a refractory material with considerable 
strength which will withstand temperatures up to 2700°F , which can be used in oxidizing 
atmospheres and another in reducing atmospheres, these to be used in constructing the 
piers of the furnace; (2) a material with high thermal conductivity to be used in the 
hearth which will be resistant to oxidizing conditions; if a material that will not be 
harmed by metallic vapors such as are present in enameling furnaces and brass melting 
furnaces cannot be found, then a method of protecting the refractory must be found; (3) 
an insulating material which will withstand temperatures up to 2700°F which can be 
used in constructing doors and side walls. PF a. 
The brick masons’ firebrick guide. ANon. Blast Fur. Steel Plant, 15 [6], 308 
(1927).—The following table gives the generally accepted firings and grinds specified 
by leading brick masons for steel mill use: 


Type of Furnace Firings Grind 
Blast furnace top Hard Fine 
inwall Medium to hard Medium 
= “ hearth and bosh Medium Coarse 
Stove Medium 
Openhearth checked brick 5 = to fine 
Soaking pit covers to coarse 
“ above slag line 
Steel plant flues and underground work Hard . 
Bee hive coke ovens Medium: " 
By-product coke oven Hard Fine 
Boiler settings Medium Medium 
Malleable iron furnace Light Coarse 
Pigees furnace side wall Medium Medium 
Electric furnaces to fine 
F.P.H 


Thermal conductivities of refractories. ALEXANDER WISHNEVSKY. JBlast Fur. 
Steel Plant, 15 [6], 309(1927).—A chart showing the variation in thermal conductivity 
with temperature of the following refractories is given: Carborundum, magnesite brick, 
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Alundum, chrome brick, zirconia brick, silica brick, diatomaceous brick, Sil-O-Cel brick, 


asbestos long fiber, magnesia, magnesia wool. F.P.H. 
Notes on mullite refractories. Amer. Refrac. Inst., Tech. Bull., No.7.; Blast Fur. 
Steel Plant, 15 [7], 36-42 (1927). F.P.H. 


Effect of purite on refractories. G.S. Evans. Blast Fur. Steel Plant, 15 [7], 362 
(1927).—Purite is fused soda ash especially prepared in 2 lb. bricks to meet the require- 
ments of the foundry industry. The results of several years of observation on this 
subject may be summarized as follows: (1) linings laid up from high quality diaspor 
brick generally used in the glass industry for fusing soda mixtures gave less service than 
those from the ordinary run of fire brick; (2) tests of several neutral materials including 
chrome and magnesite indicated the impracticability of this type of lining; (3) monolithic 
linings have not so far proved economical as compared to fire brick; (4) little difference 
was noted in the life of linings laid up with clay brick of high or low silica content; (5) 
dense and comparatively hard fired brick generally gave the longest service; (6) trueness 
of form which permits of tight joints is of particular importance in determining the life 
of the lining. F.P.H. 

The testing and investigation of slag from the cupola furnace. H. H. SHEPHERD. 
Foundry Trade Jour., 39, 99-100, 141-42, 161-62 (1926); Stahl u. Eisen, 47 [17], 707 
(1927). F.P.H. 

The preparation of saggers for firing porcelain. B.H.B. Keramos, 6 [6], 215-16 
(1927). A description of the preparation and composition of saggers for use in firing 
porcelain. F.P.H. 

American nomenclature for refractory materials. ANON. Stahl u. Eisen, 47 (20). 
841-43 (1927); abstract of Bur. Stand., Circ. No. 282. See Ceram. Abs., 5 [8], 254 
(1926). F.P.H. 

The influence of the oxide admixtures on the physical properties of silica brick. 
K. ENDELL AND R. Harr. Ceram. Age, 9 [5], 133-38(1927); from Berichte des Werk- 
stiffacusschusses; Stahl u. Eisen, 46 [52], 1870—76(1926); Continental Met. Chem. Eng., 


2, 116(1927); for abstract see Ceram. Abs., 6 [5], 179(1927). A.E.R.W. 
Investigation of feldspar. ANon. Ceram. Age, 9 [5], 164-65(1927); Bur. Stand., 
Bull., No. 117, pp. 4-5 (1927). See Ceram. Abs., 6 [4], 152 (1927). A.E.R.W. 


Microstructure of earthenware. ANON. Ceram. Age, 9 [5], -166(1927); Bur. 
Stand., Bull., No. 118, p. 5(1927). See Ceram. Abs., 6 [5], 184 (1927). A.E.R.W. 
Solid solution of the spinel minerals. ANon. Ceram. Age, 9 (5|, 166(1927); Bur. 
Stand., Bull., No. 118, pp. 5-6(1927).—Abstracted in Ceram. Abs., 6 [5], 177(1927). 
A.E.R.W. 
Checker arrangement for increasing capacity of open-hearth furnaces. ANon. 
Fuels and Fur., 5 {6}, 792 (1927).—A discussion of the use of refractory brick in the devel- 
opment of a new arrangement of checkerwork in open-hearth furnaces. A.E.R.W. 
Effect of refractories of alkalis used in refining of metals. G.S.Evans. Fuels and 
Fur., 5 [6], 767-68 (1927).—Discussions of present uses of sodium compounds in the 
foundry industry with reference to their effect on refractory brick used as linings. 
A.E.R.W. 
Qualitative and economic importance of acid electric steel. A. MiULLER-HAuFrF. 
Stahl u. Eisen, 46, 213-18, 289-94 (1926).—The acid-lined electric furnace resembles a 
large crucible and the high quality of the steel produced is due to the action of nascent 
Si and the deoxidation and degasification which occur. As C is only slowly reduced the 
scrap used should be as soft as possible. During melting 50-80% of the Mn present is 
burned away. The materials balance of an acid electric heat is given. The slag plays 
a less important réle than in the basic electric furnace. The melting slag amounts to 
about 4% of the charge. In the deoxidizing slag the silica increased up to 75%. The 
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reduction of silica is an important reaction in the acid electric furnace; it is affected by 
the fluidity and temperature of the slag. A diagram shows the amount of Si taken up in 
relation to the extent of the reacting surfaces. The acid electric furnace lining has a good 
resistance to oxides of Mn and Fe, and the life of the roof is 3 to 4 times that of the basic 
furnace. The silica in the hearth decreases with service. P is not reduced and S only 
slightly during the oxidation period. Mechanical tests on steels with increasing P 
content show that not until 0.066% P is reached does deterioration occur in the reduc- 
tion of area and impact test, the favorable structure compensating for high P content. 
A number of acid and basic C tool steels were hardened at 750-800°. The acid steel 
though not superior in mechanical strength showed greater regularity and was less 
sensitive to hardening temperature. Static and dynamic tensile tests and impact and 
repeated impact tests were made on medium C and Ni-Cr steels made in the acid electric 
and basic Siemens-Martin and electric furnaces. The electric steels were superior to the 
open-hearth steels and acid steel was better than basic in regard to yield point, maxi- 
mum strength, and repeated impact test, but slightly inferior in reduction of area. The 
acid electric process is expensive since pure scrap must be used for ingots, and is princi- 
pally used for castings where purity need not be so high. The time required for melting 
and alloying high-C and Ni-Cr steels is half that for the basic furnace, and there is less 
loss of alloy elements in high-Cr and W steels. The combination of a refining furnace 
with an acid electric furnace is recommended as a quick method of working for high 
final quality. The cost for lining and upkeep of the acid electric furnace is less than for 
the basic. As the Si content of acid steel tends to increase after deoxidation little time 
is available for the addition of ferro alloys. (C. A.) 
Report of the titanium commission on the experimental results in chlorinating 
ilmenite. Yu F. KriEGER. Contributions to the Study of the Natural Resources of 
the U.S. S. R., No. 56, Titanium and its compounds, No. 1, pp. 23-33 (1926).—A mixture 
of ilmenite and coal in the form of briquets was subjected to the action of gaseous Cl at 
a temperature not higher than 750°; the products obtained were purified by redistribu- 
tion and sublimation. A drawing and complete description of the apparatus are given. 
The various steps in preparing the reacting substances, the process of chlorination, 
recovering the products, and distillation and purification of the product are also de 
scribed in detail: 
A review of the methods for the production of titanium tetrachloride. V.S.Surro- 
KOMSKII. Contributions to the Study of the Natural Resources of the U.S. S. R., No. 56, 
Titanium and its compounds, No. 1. pp. 47-49 (1926). (C. A.) 
A technical report on the experiments on the chlorination of titanium carbide. 
M. S. MAKSIMENKO AND A. ELIsEEv. Contributions to the Study of the Naturai Re- 
sources of the U.S. S. R., No. 56, Titanium and its compounds, No. 1, pp. 43-47 (1926).— 
M.and E. describe an apparatus constructed by them for the chlorination of TiC; it allows 
easy temperature control, requires little electric power (750-1000 w. per charge of 8-9 
kg), does not clog and gives only small quantities of FeCl;. A drawing of the apparatus 
is given. 
Experimental investigation on the problem of obtaining titanium carbide. M. S. 
MAKSIMENKO. Contributions to the Study of the Natural Resources of the U.S. S. R., 
No. 56, Titanium and its compounds, No. 1, 33-43(1926).—The shortcomings of the 
chlorination process due to the high Fe content are described and a method is given of 
obtaining TiC and then chlorinating it. Conclusions: Technical TiC may be obtained in 
2 steps. The dolomite is removed, and the ilmenite is fused with C under a high electric 
potential (271. and 4-5 kw.) The metal fuses with the slag. The latter is then ground 
and magnetically separated. The Fe content is thus reduced from 34 to 12%, the C con- 
tent increased to 1.5% Inthe second step the slag and the coal, saw dust, and NaCl are 
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placed in an electric furnace and heated as in the Carborundum process. The Fe content 
drops to 5% and the C rises to 18%. The carbide is purified with HCl which removes 
the CaC,, MgCl, and alsothe Fe. Drawings of the furnaces are given. (C. A.) 


A review of the methods for the production of titanium carbide. V.S. SuiRoKoMsKUI. 
Contribution to the Study of the Natural Resources of the U. S.S. R., No. 56, Titanium 
and its compounds, No. 1, pp. 53-55 (1926). (Cc. A. 


Titanium and its application in the industries. V. S. Surrokomsku. Contri- 
butions to the Study of the Natural Resources of the U.S. S.R. No. 56. Titanium and its 
compounds, No. 1, pp. 76-108 (1926).—The following are reviewed: Ti and its compounds, 
Ti in the earth’s crust, the chief Ti minerals, metallic Ti, Ti in the metallurgy of pig iron 
and smelting of titanomagnetite, electrosmelting of titanomagnetite; ferro-titanium, 
ferro-carbotitanium, their preparation and properties; use of Ti in the metallurgy of steel 
and other metals; the use of Ti in electrotechnical processes; in the paint industry; other 
uses of Ti and its compounds. Each subject is accompanied by a bibliography. 

(C. A.) 

A review of the methods for the production of titanium dioxide. V.S. Surro- 

KOMSKII. Contribution to the Study of the Natural Resources of the U.S. S. R. No. 56, 


Titanium and its compounds, No. 1, pp. 49-53 (1926). (C. A.) 
The corrosion and erosion of refractories. E. RicHArps. XKorrosion u. Metall- 
schutz 2, 269-71 (1926). 


Silica glass. H. GEORGE. Compt. Rend., 184, 1046-47 (1927).—In the production of 
opaque silica glass by fusion of pure siliceous sand in the electric furnace with carbon 
electrodes, the melt may become contaminated with free silicon which is produced by 
reduction at a temperature below that of fusion (1800°). This is prevented by the use of 
perforated tubular electrodes which enable the vapor to be removed, by a tube of molten 
silica round the electrode, or by the presence in the sand of about 2% of water to oxidize 
the silicon vapor to silica. Except from the thermal point of view, the last method 
produces a superior product. (Brit. C. A.) 


Prolonging the life of refractory material. W. SKoLa. Z.angew. Chem., 40, 406-408 
(1927).—Material for refractories should be fired more than once, otherwise it is porous 
and incapable of withstanding heat, even if the temperature of firing is high (15-16 
Seger). The refractory material is in a metastable condition after firing which changes 
to a stable condition during use, the change being a function of temperature, and of the 
influence of furnace gases. Shrinkage and vitrification can be prevented during this 
change, and the life of the refractory prolonged by coating its surface with a special 
cement. Many such cements have been used comprising Carborundum, rare earths, 
zinc oxide, and silicates, but good results have been obtained with ‘‘Resistin.”” It is 
applicable to the glass industry, chemical processes, and to oil or coal-dust fired furnaces. 
Illustrations are given of crucibles used for glass melting with and without a coating of 
the compound. (Brit. C. A.) 

Refractory materials of South Wales. W.R. D. Jones. Proc. S. Wales Inst. Eng., 
43, 115-40 (1927).—The occurrence, preparation, properties, and uses of silica, fire clay, 
and dolomite refractories of S. Wales are discussed. The silica material is obtained from 
the basal grit of the millstone grit series; the average silica content is about 95% with 
0.2-1.5% of alumina. The fire clays are obtained from the Lower Coal Series and the 
Pennant Series; the silica content is 60-68%, and the alumina 20-25%. (Brit. C. A.) 


BOOK 


Graphite Characteristics, Production, Manufacture, and Uses. EuGEN RyYsCHKE- 
WITSCH. 323 pp. S. HirsEL. Leipzig. Reviewed in Tonind. Ztg. 51 33 (1927). F.P.H. 
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PATENTS 


Lining for blast furnaces and the like. WALLACE A. Stuart. U.S. 1,632,633, June 14, 
1927. Acircular furnace wall construction of nonuniform diameter made up of blocks laid 
in horizontal courses, each course having a plurality of concentric rows of blocks, each 
row containing a complete set of keyblocks having radial sides and which are segments 
of a circle, said set of key blocks being capable of turning a complete circle when laid side 
by side, the key blocks in the respective rows being segments of concentric circles, each 
course whose diameter is greater than the diameter of the circles of which the key blocks 
are segments having one or more straight-sided blocks in each of its rows, a number of 
key blocks in each of the rows of a course being equal and the number of straight-sided 
blocks in each row of a course also being equal, the width of the inner ends of the blocks 
in each concentric row outwardly being the same as the outer width’of the key blocks 
in the next adjacent inner row, the straight-sided blocks all having the same width, the 
blocks of each row of the same course being laterally offset with respect to the blocks of 
the adjacent rows so as to break joints, the blocks in each row of a course being laterally 
offset with respect to the corresponding rows of adjacent courses so as to break vertical 
joints therewith, and the blocks of each row of a course being of a length different from 
that of the blocks in the corresponding rows of the next adjacent courses so that the 
vertical joints between the ends of the blocks are broken. 

Ceramic insulating material. Haro_p H. Sortwe U. S. 1,633,462, June 21, 
1927. Black porcelain insulating material containing 45 parts of black iron ore, 35 parts 
of red firing clay, 15 parts of potter’s flint, and 5 parts of feldspar. 

Method of making arch bricks. RALEIGH J. HimmMeLricut. U. S. 1,634,356, 
July 5, 1927. The herein-described method of making arch bricks which consists in 
molding a plurality of units and in drying and firing them together to form a brick. 

Refractory block. RaLeicH J. Himmevricut. U. S. 1,634,357, July 5, 1927, 
A refractory block for furnace construction comprising a plurality of brick units having 
at their juxtaposed faces codperating dowel means, and detachably united together 
over areas of said faces exclusive of said dowel means. 

Composition. P. IpING AND A. Nimtz._ U. S. 1,635,675, July 
12, 1927. A new combination of matter comprising retort cement, Carborundum, 
silica of soda, and water. 

Rotary calciner for magnesite. Austrian 104,404; Rock Prod., 30 [14], 97(1927).— 
Magnesite is heated in a rotary kiln in a manner such that the temperature near the 
heat entrance is higher than that requjred for calcination or sufficient to dead burn if 
necessary. The product is withdrawn from different zones according to the properties 
desired. F.P.H. 

Forming silica glass articles. Brit. 268,781, 
March 29, 1927. Relates to the method of 
making rods or tubes of fused silica described 
in Specification 230,499, and consists in 
adapting the apparatus for producing larger 
articles such as cylinders having a diameter 
of sixteen inches or more. The furnace used 
for fusing the silica comprises a receptacle 
(17), of refractory material, containing a 
graphite pedestal (23) on which a core (21) 
is mounted. The plastic silica, when the 
drawing force is applied, flows from the 
fusion zone (24) over the core (21) toward 
an outlet chute (25) and produces a hollow 
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body (26). The chute (25), which forms a shaping-die, is surmounted by a cylindrical 
cover (27), preferably made of zirconium silicate, and the chute and cover are supported 
by iron bars which rest on the edges of the receptacle (17). The silica is fused by three 
sets of resistors (32, 33, 34). The resistors (32, 33) are connected in parallel with 
terminals (35), and the lower resistor is connected to terminals (37) which enter the 
opposite wall of the furnace. The resistors (32, 33) are hexagonal in outline and sur- 
round the core (21) and the chute (25). The resistor (34) is rectangular in outline and 
its function is to keep the silica around the core (21) thoroughly fused. The bait of the 
drawing apparatus comprises a wire (44) supported by other wires (45) which depend 
from a metal plate (46). The wires (45) are of tungsten or molybdenum and they pass 
through a graphite cover (51) and heat-insulating plates (52, 53). They may be en- 
closed in tubes of quartz or other refractory material. In operation, comminuted silica, 
such as sand, is filled into the container (17), and when sufficient is fused, the bait is 
withdrawn at the desired speed by means of a cable and draws out the fused silica as a 
cylinder (26), or in any other form determined by the shape of the die (25) and the 
core (21). The die (25) and cover (27) excludes unfused silica from the fused material 
which is withdrawn, and shields the emerging tube from heat radiated from the fusion 
zone. The bore or diameter of the article produced may be controlled by keeping the 
drawing-force constant and altering the viscosity of the fused mass by altering the 
heating-current passing through the resistors. Alternatively, the temperature of the 
fused mass can be kept constant and the amount of tractive force applied to the bait 
may be varied by a variable speed gear interposed between the driving motor and drum 
on which the cable is wound. A speedometer may be provided to indicate the speeds 
suitable for drawing tubes of different sizes. 


Terra Cotta 


Use of terra cotta in the Philadelphia Museum of Art. Anon. Ceram. Age, 9 
[5], 139-41(1927).— An article dealing with the polychrome treatment of exterior 
decoration. The extended use of terra cotta is distinctly interesting and instructive. 
The article also gives a brief history of the development of terra cotta. A.E.R.W. 

Stoneware as a chemical engineering material. Percy C. KinGspury. Jour. 
Ind. Eng. Chem., 19 [6], 693-95 (1927).— The use of clay and other silicate products for 
chemical plants removes the corrosion problem in industry and makes possible the 
securing of the same conditions in industry as in the laboratory where the process was 
worked out. The various ceramic materials used in this type of work are glass, fused 
silica, enameled iron, and chemical stoneware. The most important of these is the 
stoneware. The tensile strength of stoneware is low as compared with metals. The 
compressive strength, however, is high. The thermal expansion is low and the thermal 
conductivity good. The only satisfactory glaze for chemical stoneware is a salt glaze. 
A heavy glaze of fusible clay is sometimes used to cover up shortcomings in the ware 
but it has the objection of permitting corrosion through pinholes and scratches. Chemi- 
cal stoneware has wide use in handling corrosive gases and liquids in the form of fans, 
pumps, valves, etc., and the chemical engineer is urged to take advantage of the progress 
in the ceramic industry. R.J.P. 

The importance of roofing tile in the German architecture. PAaut SCHULTZE. 
Tonind. Ztg., 51 [5], 50-56(1927). F.P.H. 


White Wares 


An investigation of some ball and china clays. C. W. PARMELEE AND T. N. 
McVay. Jour. Amer. Ceram. Soc., 10 [8], 598-628 (1927).—A report on the investiga- 
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tion of the properties of 13 ball clays and 7 true and sedimentary kaolins such as are 
used in the manufacture of electrical porcelain for high tension insulators. 

High tension and highest tension insulators. K. DRAEGER. Keramos, 5 [10], 
458-61 (1926).—The development of high tension insulators is traced. Various types 
of insulators are described and their good and bad features are pointed out. Diagrams 
showing the details of construction of the various insulators are reproduced. 

E.J.V. 

On the constitution of porcelain. RoBERT SCHWARZ. Keramos, 5 [12], 535-40 
(1926).—A very thorough discussion of the question of the constitution -of porcelain 
under the following subtopics: (1) the isolation of mullite from porcelain, (2) effect of 
repeated firings on the properties, (3) the microstructure, and (4) the question of the 
origin of the mullite in porcelain. ; E.J.V. 

Porcelain spinning nozzles for artificial silk of a guaranteed accuracy of 0.01 mm. 
J. Watiicn. Keramos, 6 [1], 13-14(1927).—A description of the production and use 
of porcelain nozzles on machines for spinning artificial silk thread. These are being 
made to replace the costly 70% gold, 30% platinum nozzles used heretofore. Particular 


advantages of the porcelain nozzles are enumerated. E.J.V. 
The importance of glazes for safe porcelain insulators. H. HANDREK. Hescho- 
Mitteilungen 29/30, 25-39 (1927); Keramos, 6 [5], 184(1927). F.P.H. 


Absorption test for electrical porcelain insulators. W. Demutu. Sprechsaal, 
60 [7], 107-108 (1927).—Description of a recently developed apparatus, using a solution 
of fuchsin as the penetration material for testing porosity of porcelain. Apparatus 
consists of force pump, chamber for specimen and manometer. R.A.H. 
Effect of various additions on the physical properties of porcelain. K. WETZEL. 
Ber. deut. keram. Ges., 6, 23(1925).—To a normal porcelain body containing 50% of 
clay substance, 25% of quartz and 25% of feldspar, 3% of the following materials were 
added: CaO, MgO, steatite, dolomite, calcium fluoride, Fe2xO;, ZnO, Al,O;, TiO2, and 
ZrO». All the materials, except ZnO and alumina, lowered the melting point, lime and 
magnesia being the most effective. Lime and calcium fluoride reduced the modulus of 
elasticity, whereas steatite, ZrO2, and alumina increased it. The coefficient of expan- 
sion and consequent resistance to changes of temperature were most favorably affected 
(reduced) by ZnO. The resistance to the Brinell test was slightly increased by all, more 
particularly by the calcium compounds and steatite. Microscopic examination showed 
much undissolved quartz in the bodies containing lime, whereas in those containing 
ZnO it was almost entirely dissolved. Mullite formation was marked in the bodies 
containing alumina, TiOs, and zirconia. (Trans. Ceram. Soc. |Eng.]) 
The Haldenwanger filter. ANon. Chem. Ztg., 50, 305(1926).—A new filter, in- 
tended to replace the Gooch crucible, is made of a porous body, the sides of which are 
glazed. (Trans. Ceram. Soc. [Eng.}) 
Experiences in the use of the porcelain filtering crucible in gravimetric analysis. 
L. MosER AND W. Maxymowicz. Chem. Ztg., 50, 326(1926).—Filters made by the 
State Porcelain Works, Berlin, fulfil the requirements regarding constancy of weight. 
They are less resistant to chemical attack, especially bases, than glassware, but they 
can be used at red heat. (Trans. Ceram. Soc. [Eng.]) 

. Basalt as an insulator. EpiroriaL. Quarry, 31, 164(1926).—Basalt contains 55% 
silica, 22% iron oxide, 12% aluminium, and small quantities of lime, soda, potash, and 
magnesia. It is extremely hard, and has to be fused and cast at a temperature above 
1200°. A thermal process of annealing removes the brittleness. The dielectric strength 
of this annealed basalt is over 35,000 volts per } in. thickness, and it has a tensile strength 
of more than 18}? tons per sq. in. It is nonhygroscopic, immune from acids or alkalis, 
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and resistant to atmospheric changes. If the material is temporarily pierced by arcing, 
it will immediately re-solidify when the arc ceases. (Trans. Ceram. Soc. [Eng.]) 
Nature of electrical breakdown of insulators. W. O. ScHUMANN. Zeit. tech. 
Phys., 6, 439(1926).—The sudden breakdown of glass, quartz, and porous materials 
produces fine pin-holes, whereas with porcelain, bakelite, and idonite troughlike depres- 
sions are formed and considerable decomposition of the material takes place. The 
breakdown strength falls with increasing thickness of the materials, with the exception 
of quartz. The more rapid the increase in tension, the greater the strength. 
(Trans. Ceram. Soc. [Eng.]) 


Behavior of dielectrics in high tension fields. H.ScHmLLER. Zeit. tech. Phys., 6, 
588 (1926).—The validity of Poole’s equation: log K =a+bX, and of the temperature- 
conductivity equation log K=A/T+B is confirmed. 

(Trans. Ceram. Soc. [Eng.}) 
BOOK 


The Properties of Electrical Insulating Materials in Graphical Form. U. Retzow. 
Julius Springer, Berlin, 1927. Reviewed in Mining and Met., 8 [246], 289 (1927). 
F.P.H. 


Equipment and Apparatus 


Collection and recovery of dust by mechanical means. G. L. MONTGOMERY. 
Chem. Met. Eng., 34, 285-87 (1927).—There are three mechanical means of collecting 
dust. The settling chamber is simple, and especially good where gases must be handled 
at high temperatures, but will not remove extremely fine material. Centrifugal dust 
collectors are more compact than settling chambers, simple, and have a low first cost and 
operating cost, but are even more limited than the first type in ability to handle fine 
material. The dust filter, in which the dust laden gas is filtered through cloth, will 
give nearly 100% separation, but cannot handle hot gases. Its chief disadvantage is 
its need of periodical attention, to keep the cloth in good condition. Nevertheless, 
M. considers this last type as the most economical. M.E.M. 


The use of flocculating reagents for the recovery of fine mica. W.M. MEYERs- 
Bur. Mines, Rept. of Invest., No. 2798, 9 pp. (1927).—It has been found that finely 
divided mica valued between $100 and $120 per ton may be produced from the waste 
obtained in the mining and manufacture of sheet goods. The paper contains an intro- 
duction discussing the methods for grinding and screening or classifying the waste 
materials. The suspension of fine mica in water produced by the treatment is flocculated 
by electrolytes. The details of the experiments using sulphuric acid, potassium alum, 
aluminum sulphate, hydrochloric acid, chrome alum, etc., as flocculants are given. It was 
found that by settling in wooden tanks with the first 3 reagents added in quantities 
equal to 0.25% of the dry weight of mica, an efficient and rapid flocculation occurs. 

V.S.C. 

Some drier considerations. R. S. Troop. Trans. Ceram. Soc. [Eng.], 25 [4], 
352-59 (1925-26).—An outline is given of some of the problems involved in obtaining 
drying schedules and of methods for the drying of refractories and of molds and cores. 
Some of the factors which determine the efficiency of the plant and require consideration 
when installing new driers are discussed. R.F.S. 

Progress of electrometric control methods in industry. Henry C. PARKER. Jour. 
Ind. Eng. Chem., 19 [6], 660-67 (1927).—Improvements of cells and electrodes has given 
an impetus to the use of electrometric control in industry. Both indicating and record- 
ing equipment have been installed in many different industries. A review of several 
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installations in varied industries is given. Some of the various applications are in 
mercerizing, sulphuric acid manufacture, waste disposal, power plants, ceramics, and 
waterworks. 


Methods of transportation in the brick and clay plants. WEICKEN. Tonind. Zig., 
50 (50th Anniv. No.) 75—76(1926).—A description of a number of electric trucks used 
to transport material around brick and clay piants. F.P.H. 


Comparison of German 4900-mesh sieve with English No. 180. HAEGERMANN. 
Zement, 15, 289-90(1927); Rock Prod., 30 [12], 103(1927). FP. 


An unusual method of magnetic separation. ANON. Amer. Glass Rev., 46 [39], 
16 (1927); Glass Ind., 8 {7], 176(1927).—A description of an unusual installation of a 
magnetic separator in the plant of the United States Silica Co., of Ottawa, III. 
On new glaze trimming machines. ANon. Keramos, 5 [12], 549-50(1926).—A 
description of several new machines for trimming off excess glaze on pieces such as large 
tiles, etc. E.J.V. 
New conveyers for ceramic plants. Gustav NetzscH. Keramos, 6 [1], 17-18 
(1927).—A description of various types of conveyers applicable in the different depart- 
ments of a ceramic plant. E.J.V. 
Air preheating and preheaters. C. F. WaApbeE. Brit. Clayworker, 36 [422], 69 
71(1927).—A general discussion on transfer of heat followed by a description and 
illustrations of the following types of air heaters: (1) tubular, (2) plate, (3) Ljungstrom 
direct-contact heater, (4) integral heater (Thermcon). R.A.H. 


Grinding, washing, and drying clay in one operation. ANoNn. Brit. Clayworker, 
36 [422], 81-82 (1927).—A line drawing of a plant with a description of same for grinding, 
washing, and drying clay in one operation. R.A.H. 


Mathematical theory of the Michell ball viscosimeter: its design, construction, and 
operation. R. O. BoswaLi. Phil. Mag., 3 [7], 994, 1006(1927).—Mathematical 
consideration of the Michell viscosimeter shows that it can only be applied in practice 
to measure viscosities over a range of temperatures with any degree of accuracy if the 
following conditions are fulfilled: (1) In order that there should be the least possible 
change of constant with change of radius, the projections used for regulating the initial 
film thickness at the center of the cup must be correctly spaced to suit the initial differ- 
ence in radius and height of projection. (2) To avoid unequal expansion, both cup and 
ball should be made of similar material. (3) The instrument should be calibrated over 
a range of temperature. (4) The use of a high-constant instrument with a very viscous 
fluid should be avoided. (5) When taking observations over a range of temperatures 
the rate of cooling should be slow. The depth to which the instrument is immersed 
in its bath does not affect its accuracy, provided that the edge of the cup is completely 
covered. (Brit. C. A.) 


PATENTS 


Method of making ceramic members. FRANK C.SimMs. U.S. 1,632,319, June 14, 
1927. In a method of making ceramic members, the steps comprising extruding a 
member of initially semimoist dust, placing said member under restraint laterally there- 
of, and quickly drying said member while under restraint. 

Apparatus for grading sand and grinding glass. JAMES W. CRUIKSHANK. U. S. 


1,634,254, July 5,1927. Inasand grading apparatus for plate glass grinding machines, 
the combination with the griiuding machine, of means for receiving sand therefrom, 
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means for redelivering the coarse portion of said sand to the grinding machine, other 
means for delivering the medium coarse and finer portions of said sand to a medium 
coarse sand box wherein a portion of the medium coarse sand is retained, concentrating 
means for increasing the amount of medium coarse sand deposited in said box, and 
means for receiving sand from the concentrator and grading the same, substantially as 
described. 

Viscosimeter. CLirForD M. Larson. U. S. 
1,635,281, July 12, 1927. A device for ascertain- 
ing relative fluid viscosity, comprising separated 
upright containers of similar configuration means 
whereby the containers are mounted so that the 
whole structure may be manipulated as a unit each 
container having upper and lower bulbous portions 
connected by a constricted orifice, each being 
also provided with an opening for receiving or 
discharging liquid, and pressure equalizing com- 
municating means between the upper and lower 
bulbous portions. 

Dilutometer. CLirFoRD M. LARSON AND CARL L. Knopr. U.S. 1,635,553, July 12 
1927. In a device of the character described, the combination with parallel tubes, 
one of said tubes being sealed and 
having a liquid of known fluidity 
and viscosity therein, means for in- 
troducing an extraneous liquid to 
the other tube or tubes and movable 
means positioned in the respective 
tubes of greater density than the 
liquids therein and operable with 
the inclination of the tubes to any 
angle to accurately register their 
comparative fluidity, regardless of 
speed of inclination. 

Device for interrupting the tapping of molten masses. AKTIESELSKAPET MALM- 
INDUSTRI. Norw. 43,353, Nov. 8, 1926. The tapping of slag or other molten masses 
can be conveniently interrupted by means of a water-cooled tapping cone provided 


with one or more openings through which water-jets are sprayed into the tapping hole 
just before or at the same time as the cone is pressed into the hole. (C. A.) 


Kilns, Furnaces, Fuels, and Combustion 


Problems in the firing of refractories. G. A. BoLre, JoHN Biizarp, W. E. RIcE; 
E. P. OGDEN, AND R. A. SHERMAN. U.S. Bur. Mines, Bull., No. 271, p. 197 (1927).— 
The work has as its object the improvement in firing efficiency, and collection of data of 
general interest to the refractory industry. The introduction outlines general informa- 
tion regarding the procedure followed in testing, and a brief discussion of the importance 
of heat accounts, and distribution. Proper proportions of kilns, grade of fuel, type of 
draft, and operation during firing are also considered. The seven plants tested fired 
magnesite, silica, or fireclay brick of various kinds. The description of each plant is 
given separately with complete data, and suggested improvements. The procedure 
followed in determining the heat accounts is given in detail, and a summary of the 
results for each kiln tested are tabulated on pp. 138 and 139. The results of the com- 
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bustion study conducted at plants 4 and 7 are given on pp. 154 to 157. A detailed dis- 
cussion of drafts and the effect of sulphur, followed by the separate laboratory control 
tests of each plant, concludes the Bulletin. Reprinted in Brick Clay Rec., 70 [9], 695- 
704 (1927); Amer Glass Rev., 46 [32], 19 (1927). VS.C. 

A new method of firing and a new type of continuous kiln for ceramics. A. Hirt. 
Corriere dei Ceramisti, 7, 155-63(1926).—A complete description of a new system of 
firing a chamber kiln is given with data upon operation. The advantages of the system 
are pointed out. The system consists of a rearrangement of a flue system whereby a 
more complete utilization of waste heat is made possible. S38.C, 

The discoloration of clays during firing. J. KONARZEWSKI AND A. E. J. VICKERS. 
Trans. Ceram. Soc. | Eng.}, 25 [4],1-18 (1925—26).—The presence of water vapor during 
the dehydration period and the oxidation period of firing, and the presence of sulphur 
dioxide during the whole time of firing produce a reddish coloration of white and yellow 
firing clays. The presence of water vapor during the last stage of firing produces a 
lighter color than that obtained when clay is fired under normal conditions. The 
influence of these gases is especially strong when they act upon the clay for the range of 
temperatures 500-600°. The discoloration can be removed more or less by prolonged 
firing in an oxidizing atmosphere. R.F.S. 

Systems of oil burning, and their possible application to the potteries. F. L. 
Bott. Trans. Ceram. Soc. [Eng.], 25 [4], 263-84 (1925-26).—At the beginning of an 
oil-burning installation, the storage of the oil is the first point to be considered. The 
storage capacity naturally depends upon the size of the works or the quantity of oil 
likely to be used and the facilities for replenishing the tanks. The storage tanks are 
usually situated above ground, but where space is valuable and the tanks are not of large 
capacity, they may be placed below ground. To be able to handle efficiently any class 
of furnace fuel oil which may be of a heavy, viscous nature it is necessary to provide the 
tanks with heating coils. Tanks of 100 to 500 tons capacity require ? sq. ft. of heating 
surface per ton capacity. Service tanks may be required in addition to storage tanks, 
but this is a matter which depends upon the system of oil burning adopted as well as the 
general lay-out of the works. The principal systems of oil burning may be summarized 
under the following headings: (1) the pressure system, (2) the steam jet system, (3) 
the compressed air system, (4) the low air pressure system. The pressure system has 
the advantage of very small steam consumption required for heating and atomizing the 
oil, and what steam is used is returned to the condenser or hotwell, so that there is no 
loss of fresh water, a very important consideration in marine work. It has also the 
advantage of central control; the output of all burners fed by one unit is extremely 
uniform and any variation in the rate of firing is evenly distributed over all burners or 
furnaces by varying the pressure of the pump discharge. Oil is supplied to the burners 
under pressure, the actual pressure required depending upon various factors such as the 
viscosity of the oil used, the rate of firing, the temperature of the oil, etc. After leaving 
the tank, and on its way to the pumping and heating unit, the oil passes through a 
suction strainer. The straining in this case is not very fine, for if the oil is viscous, the 
resistance through the strainer would prevent the oil from flowing freely to the pump. 
The oil is discharged by the pump to a heater in which its temperature is raised to reduce 
its viscosity sufficiently to enable a very fine spray to be obtained at the burner. The 
oil entering at the inlet valve passes through solid drawn steel tubes bent in the form of 
the letter ‘‘U”’ and expanded into a single tube plate leaving the other end of the tubes 
free to move under the influence of temperature variations, a condition which would 
cause leakage. Divisions are arranged in the oil end of the heater causing the oil to 
travel the length of the heater six times and efficiently extract the heat from the steam 
which surrounds the tubes. On leaving the heater, the oil is passed through a discharge 
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strainer in which it can be finely strained, being then hot and in a very fluid state. As 
strainers are liable to become choked on account of dirt accumulating on the straining 
medium, strainers of the duplex type can be used with change-over valves, so that in the 
event of the straining medium becoming choked the installation continues working while 
the dirty section is opened and cleaned. After entering the strainer, the oil passes 
between a series of perforated steel plates accurately spaced apart but with only a very 
fine clearance between them. Passing through the spaces the oil flows axially along the 
hollow center of the cartridge to the outlet branch of the strainer. Inserted between 
the plates, but independent of them, are fixed knives or cleaners. Any dirt or grit 
entering the strainer with the oil lodges on the outside of the cartridge so that, if the 
accumulation of dirt becomes excessive, there would be a drop in pressure as the oil 
passes through the strainer. Pressure gages are fitted connected to the inlet and outlet 
branches of the strainer so that it can be detected at once when the strainer is dirty and 
requires cleaning. When the handle is turned the stationary cleaners remove the dirt 
from the cartridge, causing it to fall into the sump, which can be opened and cleaned 
at any convenient time when the unit is not working. The pumps, heaters, strainers, 
etc., are usually erected in compact units but all the parts are readily accessible. From 
the pumping and heating unit the oil travels through the discharge pipes to the burners. 
The burner consists essentially of four parts, the body, cap, nozzle, and diaphragm. The 
burner is supported in a carrier having a clamping screw, by means of which it is held 
firmly against a mitre joint forming the connection through which oil is admitted to the 
burner. The proper air admission is obtained by means of an air director or register. 
In the steam jet system, the oil is atomized by the impingement of a steam jet in some 
form or other upon a stream of oil. It has been very widely used, especially in cases 
in which efficiency is not such an important consideration as first cost. The oil is 
usually fed to the burner by gravity from ar? overhead tank or by some circulating 
system, which maintains a constant head of oil above the burner. Viscous oils require 
preheating to insure a steady flow to the burner. The compressed air system is very 
similar in application to the steam jet and, identically the same burners are sometimes 
used, air being the atomizing agent instead of steam. Its general usefulness is more 
limited, partly on account of the cost and upkeep of the compressor, and partly because 
the heat generated by this type of burner is too fierce and concentrated for many uses. 
It is employed in various types of glass and metallurgical furnaces in which very high 
temperatures are required. In the low air pressure system, the air supplied by a blower 
at a pressure of 8 in. W.G. and upward is used as the atomizing agent. The actual air 
pressure required depends upon circumstances such as the rate of firing, the viscosity of 
the oil, etc. Excepting special conditions, an air pressure of 15 in. W.G. at the burner 
allows an output from the burners. There are various types of burners made which use 
low pressure air. After entering the burner the oil passes along the annular space be- 
tween the oil passage sleeve and the oil-regulating spindle which is tapered at the nozzle 
end. The space or opening between the regulating spindle and the oil passage sleeve 
at that end is adjusted by means of the hand wheel. The film of oil passing out over the 
tapered end is caught by the current of air and carried over the edge of the button end 
of the regulating spindle and finely broken up. The atomization of the oil is further 
completed by the spiral air cone held in position between the nozzle and the burner 
body. The form of spray or flame produced is largely controlled by this air cone, which 
consists of 3 or 4 vanes, the pitch of which decides the amount of swirl imparted to the 
air as it passes into the burner nozzle. The finer the pitch, the greater the swirl imparted 
and the wider the flame produced. If no spiral air cone is fitted a long narrow flame is 
produced. The burners are fitted with cones to suit the particular furnaces to which 
they are to be applied. R.F.S. 
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Firing “hogged fuel” in a continuous chamber brick kiln. O.K.Epwarps. Bull. 
Amer. Ceram. Soc., 6 195-97 (1927).—‘‘Hogged fuel” is the term applied to ground 
slab wood and sawmill waste. The difficulties encountered in using it as fuel in kiln 
firing are discussed. A description of the special equipment used in connection with a 
continuous chamber brick kiln fired with this fuel is given. E.J.V. 

Reduction of cost of firing porcelain. MAx WINKLER. Keramos, 5 [8], 413 
15(1926).—A discussion of various improved methods of firing porcelain which will 
result in a cost reduction. E.J.V. 

Bohemian lignite or German briquettes? Gustav KopKa. Keramos, 5 [10], 
454-57 (1926).—A comparison of heating value, cost, etc., of Bohemian lignite, German 
briquettes, and two grades of Pilsen anthracite is made. E.J.V. 

Recuperation for ceramic kilns. ANon. Keramos, 5 [10], 457 (1926).—A discussion 
of the possibility of application and advantages of recuperation in ceramic kiln firing. 

E.J.V. 

Firing ceramic ware in electrically heated tunnel kiln. A.S.W.ODELBERG. Fuels 
and Fur., 5 |6|, 773-74 (1927).—Discussion of various types of electrically heated kilns 
capable of holding one or more lines of cars and constructed with one or more resistors. 

A.E.R.W. 

Low temperature carbonization of coal. RoBert M. CrAwrorpb. Blast Fur. 
Steel Plant, 15 [5], 229-33(1927).—The various systems for carrying on the process 
are listed and the operating features which differentiate them are described. Economies 
obtained make the process attractive. F.P.H. 

The efficiency of combustion with special reference to the use of powdered coal. 
A. B. HELBIG. Feuerungstechnik, 15 [17], 193-97 (1927).—Two types of fuel are dis- 
cussed: (1) lignite with 15% water, (2) a dry Ruhr coal. F.P.H. 

Powdered coal furnaces. A. KoEGeEL. Stahl u. Eisen, 47 [22], 915-20, 47 [20], 
817-—26(1927).—A description of furnaces for burning powdered coal. The type of 


burners used is described. PP. 
Combustion engineering and its development during the last fifty years. Orro 
JACKER. Tonind. Ztg., 50 (50th Anniv. No.), 73(1926). P Wave. 


Designing of gas-fired kilns. ANon. Brit. Clayworker, 36 [422], 76-78(1927).- 
A general discussion on the continuous kiln against the intermittent type followed by an 
outline on the design and method of operation. : R.A.H. 
Coal cleaning. C.H.LANpER, ETc. Jour. Soc. Chem. Ind., 46T, 229-50 (1927) .— 
At a conference in Edinburgh held July 7 under the joint auspices of the Soc. Chem. 
Ind., Fuel Section, Institution of Gas Engineers, and Coke Oven Managers Assn., 
the following papers were presented: (1) ‘‘Comparison of Processes for Cleaning Coal,” 
by W. R. Chapman and R. V. Wheeler, (2) “Froth Flotation Applied to a Baum 
Washer,”’ by W. Guider, and (3) ‘‘Preparation of Coal for the Market,” by F. S. Sinnatt. 
H.H.S. 
Production of liquid fuels for oil. J. G. Kinc. Jour. Soc. Chem. Ind., 46T, 181- 
86 (1927).—Coal is now a raw material for other products, and science is at present 
concerned with three main lines of attack: (1) low-temperature carbonization, (2) 
hydrogenation, and (3) catalytic reduction of CQ. These processes are described, 
and it is said that although the German methyl alcohol is not a satisfactory motor fuel, 
other products such as Fischer's hydrocarbons will be. It is only a matter of time before 
the commercial synthesis of ethyl alcohol is accomplished. H.H.S. 


PATENTS 
Oil-fired kiln. AtBerT W. Morse. U. S. 1,632,143, June 14, 1927. The com- 
bination of an oil burner, with a kiln having a primary combustion chamber, an extension 
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thereto, and a secondary combustion chamber having an adjustable air port in communi- 
cation therewith. 

Tunnel kiln. HAtver R. Straicut. U.S. 1,633,829, June 28, 1927. In combina- 
tion, a kiln tunnel, a series of ware bearing cars adapted to travel longitudinally through 
said tunnel, each of said cars being provided with a fire proof floor having a series of 
horizontally arranged grooves in its upper surface, said car floor being designed to 
support and carry ware to be fired, said ware being arranged so as to form vertical 
passages having their lower ends communicating with said horizontal grooves of said 
floor, means for forcing a cooling medium through said horizontal passages from each 
end and thence upwardly through the vertical passages as the ware is being cooled. 

Apparatus for reversing and controlling regenerative furnaces. GrorGE H. IsLey. 
U. S. 1,635,939, July 12, 1927. Apparatus of the class 
described, comprising an outwardly opening duct leading 
from each end of a regenerative furnace, an air nozzle in 
each of said ducts, and means for supplying air to said nozzles 
for the creation in one of said ducts of an inwardly directed 
air-entraining jet of air, and in the other of said ducts of 
an outwardly directed air jet for entraining and discharging 
waste gases from said furnace. 


Geology 


Further studies in the mica group. A. N.WINCHELL. Amer. Mineralogist, 12 {7}, 
267-79 (1927).—The heptaphyllite micas include two distinct systems which may be 
designated from their commonest types, the muscovite system and the lepidolite system. 
Optical constants of the muscovite, Fe*** muscovite and phengite system are given and 
also those of the polylithionite, lepidolite, and protolithionite system. F.P.H. 

The hardness and toughness of rocks. Emme E. Gyss ann Henry G. Davis. 
Mining and Met., 8 [246], 261-66 (1927).—A compilation of tables of rock hardness and 
toughness has been obtained by using the Mohr scratch test determinations of mineral 
hardness and the data of the U. S. Dept. of Agriculture. To supplement these hardness 
values, a standardized method of determining drilling speeds and energy consumption 
per unit volume drilled is suggested. With the data from these tests available, a table 
can be compiled from which the drilling speed in any given rock under standard condi- 
tions may be closely estimated. F.P.H. 

Silica sand found near Monroe, Wisconsin. Anon. Nat. Glass Budget, 43 {9}, 
18(1927).—A report of the recent discovery of a large deposit of silica sand of great 
purity. E.J.V. 

Twenty-five years of silica sand production. Anon. Keramos, 5 [11], 503-507 
(1926).—A historical sketch of the Dorentrup Sand and Clay Works which celebrated 
its 25th anniversary as a sand producer. The plant and mines of this concern are 
described. E.J.V. 

Some feldspathic materials of the Pacific Northwest. Hewitt Witson. Bur. 
Mines, Rept. of Invest., No. 2794, Feb. (1927).—W. deals with feldspathic materials 
suitable for the white ware, terra cotta, and glaze demands. The deposits of Deer 
Harbor, Orcas Island, San Juan County in Washington, Avon in Idaho, Cusick in 
Washington, Ashland and Gold Creek in Oregon, and Yale in British Columbia, are 
described as to their geology, physical and chemical properties, and costs of mining 
and preparation. A brief discussion of the value for ceramic work of the various 
samples is also included. W. concludes that there is sufficient soda feldspar found 
locally to meet the future demand, and that of the deposits investigated, the Deer Harbor 
is the most important for the white ware industry. Abstracted also in Ceram. Age, 
9 [5], 149-53 (1927). 
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Ceramic raw materials in the west. W. M. Meyers. Ceram. Age, 9 [5], 142- 
44(1927).—A discussion of the occurrence and utilization of ceramic raw materials 
found in South Dakota, Idaho, Washington, California, and Arizona. A.E.R.W. 

What price southern progress? A. F. GREAVES-WALKER. Ceram. Age, 9 [5], 
145-46 (1927).—An article dealing with the nonmetallic resources of the south and 
their relation to the development of industries using ceramic raw materials. 

A.E.R.W. 

Clay products in Ontario in 1926. W.R.RoGers anp A. C. YounG. Ont. Dept. 
Mines, Bull., No. 60; Can. Chem. Met., 11, 96-97 (1927).—Feldspar production was 
21,632 T. as against 17,404 in 1925; mica 881 T. as against 1605 T. in 1925. The 
decrease in mica was due to lower prices. The total output of clay products was valued 
at $5,088,256, and of structural materials at $11,634,448. } H.H.S. 

Clays of the British Empire. First Ann. Rept. of Imperial Institute. Industrial 
Chemist, 3, 204 (1927).—The Report contains accounts, among numerous other matters, 
of clays from Nigeria, Nyasaland, and S. Africa; building materials from Kenya; soils 
of Nyasaland and Samoa; mineral pigments from S. Africa; and the utilization of slate 
waste. H.H.S. 

Brick, tile, and pottery clays. ANon. Bull. Imp. Inst., 24, 529(1926).—The result 
of the trials carried out at the Imperial Institute on four clays, (1) dark clay, (2) white 
clay, (3) gray clay from Obenenu River, and (4) gray mottled clay from Oyico River, 
Nigeria, may be summarized as follows: brick and tile; strong white building brick 
and tile can be made without difficulty, either by hand or mechanically, from the 
white or gray clays of the Obenenu and from the mottled gray clay of the Oyico Rivers. 
No preliminary treatment, nor the addition of ‘“‘grog’’ is required in these clays. 


O.P.R.O. 
BOOK 
Principles of Petrology. G. W. TyrrELL. E. P. Dutton & Co., New York. 349 
pp. (1927). F.P.H. 


Chemistry and Physics 


Some thermal characteristics of clays. A. E. MAcGEE. Jour. Amer. Ceram. Soc., 
10 [8], 561-68 (1927).—The literature pertaining to thermal reactions, specific heats, and 
thermal conductivities of clays is reviewed-and discussed, particular attention being 
given to the heat required to fire various clays. All clays undergo an endothermic 
reaction between 100 and 650°C amounting to from 30 to 150 calories per gram. 
An exothermic reaction takes place at about 950°C which evolves from 10 to 40 calories 
per gram. The specific heats of clays and shales are about .45 over the interval 20 
to 1100°C. 

Some physical properties of chemical stoneware bodies. A. E. MACGEE. Jour. 
Amer. Ceram. Soc., 10 [8], 569-78 (1927).—Crushing, transverse, and impact strength, 
thermal expansion, resistance to heat shock, and elasticity were determined for 9 com- 
mercial chemical stoneware bodies. Although the thermal expansions were not widely 
different, great variations were obtained for the elasticity and crushing strength values 
of the various bodies. The elasticity and crushing strength of the more porous bodies 
were distinctly less than for the more vitreous bodies. The method of making and 
interpreting the impact test is discussed in detail. 

Adsorption at crystal faces. I. The growth and solution of single copper sulphate 
crystals in the presence of gelatin and dyes. T.S. EcKERTAND W.G. FRANCE. Jour. 
Amer. Ceram. Soc., 10 [8], 579-91(1927).—The growth of crystals and adsorption at 
crystal faces are important factors in many ceramic processes. In order to understand 
the mechanism of such growth and adsorption it is necessary to study the growth 
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velocities of single crystals. The present paper concerns itself with the growth and 
solution of single copper sulphate crystals in the presence of gelatin and dyes. 
Hydrogen-ion concentration and electrical conductivity of clay slips. II. Laboratory 
study. A. H. FeEssLeER AND Hopart M. KRANER. Jour. Amer. Ceram. Soc., 10 {8}, 
592-97 (1927).—This paper supplements a previous paper on this subject. F. and K. 
have tried to determine in the laboratory the extent of variations on hydrogen-ion con- 
centration, electrical conductivity, and viscosity caused by those variable conditions 
which might exist in factory operation such as temperature, vigor and time of stirring, 
salts, etc. It appears that the viscosity of the slip remains to be the most indicative 
of its workability whereas its electrical conductivity shows some promise of being used 
as an additional method of control. Little promise was found for H-ion concentration 
determinations. Note: It should be remembered that the term pq represents the loga- 


rithm of the reciprocal of the H-ion concentration, or px =log (ca) This is a logarith- 


mic value. Therefore a solution having a px value of 6.0 contains 10 times as many 
H-ions as one having a pu value of 7.0. Also if the pu increases in value the H-ion 
concentrations decreases. For abstract of Part I. Plant Study by A. H. Fessler and 
H. M. Kraner see Ceram. Abs., 6 [8], 350(1927). 

Clasticity and plasticity. EpiroriaL. Bull. Amer. Ceram. Soc., 6[7], 179-80(1927). 
—The terms are defined. Clays as clastic rocks, are discussed as to changes producible 
in them. The importance of studying clasticity, the causative property of clays, is 
emphasized. - E.J.V. 

Soda according to the Solvay process. Heinrich Moritor. Glas-Industrie, 34 
[4], 86-87 (1926).—A detailed description of the production of soda by the Solvay process. 

E.J.V. 

Practical experience with rational analysis of kaolins. Gustav KopKA AND FRIED- 
ricH Zapp. Keramos, 5 [9], 415-16(1926).—A reply to the discussion by F. Stein- 
brecher in Keramos, 5 [6], 286-87 (1926) of the article by K. and Z. in Keramos, 5 |4\, 
183-87 (1926). See also Ceram. Abs., 6 [8], 359(1927). E.J.V. 

Researches on the theory of fine grinding, II. Pt. VI—On the diameters of irregularly 
shaped crushed sand particles. By Geoffrey Martin. Trans. Ceram. Soc. |Eng.], 
26 [1], 21-33 (1926-27).—When particles are very small, Stokes’ Law 

V=k:-@ 
is obeyed, the constant, k, depending upon whether the gas is in stream-line or turbulent 
flow, and also upon the shape and nature of the particles. The subject needs further 
investigation. When the particles become larger at some critical diameter, Stokes’ 
Law becomes unstable and the linear law becomes the stable one 
V+Vo=k:-d 
Here again, k depends upon whether the gas is in turbulent or in stream-line flow, and 
upon the shape of the particle. At still higher velocities the linear law becomes un- 
stable and is replaced by the parabolic law 
V=k/d 
where k again probably depends upon whether the gas is in stream-line or tu: bulent flow, 
and upon the shape of the particles. The reasons and limits whereat one law becomes 
unstable and passes into the other are unknown. The influence of temperature on the 
size of particle supported by a gas is marked. The phenomenon of evaporation and 
distillation in liquids is simulated by powders. A table is calculated giving the diameter 
and weight of quartz particles lifted by air speeds ranging from zero to 328 ft./sec., 
together with mesh apertures of the chief industrial sieves. The most accurate and 
rapid method of determining the diameter of irregularly shaped particles is to estimate 
the velocity of the fluid which just supports them. See also Ceram. Abs., 5 {7|, 228 
(1926); Ibid. 6 [3], 120, 121 (1927). R.F.S. 
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Rapid determination of total alkalis, alumina, and iron in glasses and ores by means 
of hydrochloric acid. W. Pape. Sprechsaal, 60 [10], 163-64 (1927).—Frequently in 
technical control of glass and ore reduction industries it is found that the methods of 
analysis of Lawrence Smith are too slow. Two methods of analysis for the rapid deter- 
mination of total alkalis, alumina, and iron are described. (1) The substance must be 
boiled in a solution of ammonium chloride, the distilled ammonia absorbed by hydro- 


chloric acid, and the excess hydrochloric acid titrated. (2) The sample must be . | 
treated directly with sulphuric acid and the resulting mixture of total alkalis, alumina, 
and iron determined by titration. R.A.H. 


Sulphur in coal and coke. Check determinations by the Eschka, bomb-washing, 
and sodium peroxide fusion methods. W. A. SELvIG AND A. C. FIELDNER. Jour. 
Ind. Eng. Chem., 19 {6}, 729-33 (1927).—Sixteen samples of coal and coke, ranging in 
sulphur content from 0.5 to 17% have been analyzed for sulphur by 5 laboratories by 
the Eschka, bomb-washing, and sodium peroxide fusion methods. Details for procedure 
in each method are given. Most of the laboratories were able to obtain good checks in 
making duplicate determinations by any of the 3 methods. The best average checks 
between duplicate determinations were obtained by the sodium peroxide method. In 
general, the laboratories were able to obtain results with the bomb-washing and sodium 
peroxide fusion methods which checked those of the Eschka method sufficiently close to 
show that these methods may be used alternately with the Eschka method, which has 
long been the recognized standard for sulphur determinations in coal and coke. R.J.P. 


The determination of ferrous iron in silicates. LANDON A. SARVER. Jour. Amer. 
Chem. Soc., 49 [6], 1472-77 (1927).—Some peculiarities of diphenylamine as an indicator 
for the titration of ferrous iron by potassium dichromate have been discussed and it is 
shown that hydrofluoric acid is without effect on it. It'is shown that hydrofluoric acid 
does not reduce potassium dichromate at ordinary temperatures, but does so at higher 
temperatures, making impossible the analysis of silicates by decomposing them in the 
presence of an excess of the dichromate. New apparatus has been designed for the 
decomposition, and the conditions for its use have been determined and are described. 

Quantitative microscopic analysis. HAro_p L. ALLING AND WILBUR G. VALEN- 
TINE. Amer. Jour. Sci. [5th Ser.], 13 [79], 50-65 (1927).—There are at least 5 measur- 
ing methods: (1) weighing pieces of tin-foil, or similar material, whose size is pro- 
portional to the areas of the various minerals in the specimen; (2) measurement of 
linear intercepts on a section of a rock or photograph; (3) measurement of the areas of 
the minerals in a section or photograph; (4) counting grains with a grating in the eye- 
piece; (5) mechanical separation by Thoulet’s solution. These methods are discussed 
from the point of view of the possible accuracy that can be obtained. Several factors 
that influence the accuracy of these methods are as follows: (1) uniformity of rock grain, 
(2) presence of appreciable foliation, (3) improper identification of minerals, (4) knowl- 
edge of the composition of minerals, (5) skill in manipulating instruments, (6) sufficient 
number of intercepts, (7) proper choice of specific gravities of minerals, (8) proper 


modifications of norm calculation on basis of true composition of minerals. F.P.H. 
Concerning simple research methods. ANon. -: Keramos, 6 [5], 173—76(1927).— 
A description of the following test methods as applied to ceramic products; (1) porosity, ° 
(2) specific gravity, (3) permeability to water, (4) elasticity, (5) water of plasticity and 
shrinkage, (6) plasticity, (7) sintering. F.P.H. 
The visual analysis of sand. HerBpert C. McKay. Rock Prod., 30 [13], 50- 
51(1927). F.P.H. 


A new method for the determination of the gases dissolved in molten metals. 
A. WUSTER AND E. Prwowarsky. Stahl u. Eisen, 47 [17], 698-702 (1927).—A descrip- 
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tion of a new method for the determination of the following gases dissolved in molten 


metals; Ha, co, CH,, Or. F.P.H. 
The causes for the decomposition of blast-furnace slags and stability tests for this 
type of slags. A. GuTTMANN. Stahl u. Eisen, 47 [25], 1047-48 (1927). F.P.H. 


Plant control and its importance. H. Koni. Tonind. Zig., 50 (50th Anniv. No.) 
69-71 (1926).—A description of apparatus and methods used in plant control work. 
F.P.H. 
The importance of a good model for test sieves. KARL FORDERRUTHER. Tonind. 
Ztg., 51 [3], 26-27 (1927).—A discussion of the effect of faulty meshes on the ultimate 
sieve analysis. : F.P.H. 
Recent studies of the processes involved in burning powdered materials below the 
point of fusion. ANon. Zement, p. 406(1927); Rock Prod., 30 |14], 96(1927).—In 
burning cement, clay, and other powdered materials great changes of the original prop- 
erties are produced. These changes were first studied on metallic powders and the 
results successfully applied to inorganic materials. An expansion of the particles is 
first produced during heating. The temperature at which this sets in is 0.3 Xabs. 
fusion temperature for metals; 0.57 Xabs. fusion temperature for inorganic salts; and 
0.92 Xabs. temperature of fusion for organic substances. The simpler the structure 
of a molecule of a given substance, the lower is the temperature at which this expansion 
takes place. Ifa mixture of two substances is heated, whose reaction results in libera- 
tion of heat, the reaction sets in far below the points of fusion of both substances. In 
general, it occurs at the temperature at which the expansion of particles (recrystalliza- 
tion) begins in the substance which recrystallizes at lower temperature. Recrystalliza- 
tion is a process of diffusion resulting from a displacement of the molecules. With 
increasing temperature, the number of displacements and the rate of displacement are 
increased. As these reactions depend upon displacement of molecules in a solid state, 
addition of water is of but little importance in this respect. In general, water accelerates 
these reactions. Contrary to reactions in a liquid state, the reactions in solid state 
can take place only in one direction in which heat is developed. Equilibrium is reached 
only at a certain temperature and only when the heat of reaction is smaller than a small 
calory. Theoretically, these reactions should have a yield of 100%. However as the 
displacement per unit time and the rate of displacement are different functions, the size 
of particle considerably influences these changes. A number of particles of one of the 
components heaped in one place prevents the changes from taking place. The extent 
of the reaction may be furthered by mixing. Silicates belong to the group of extremely 
slow substances. The product of reaction forms a coating around the reacting bodies 
and retards the process. A short period of heating results in changes of but a few per 
cent of the substances. Heating a mixture of the composition of Portland cement to 
1100°C results in a change of about 3%. Upon pulverizing and subsequent heating 
4.5% take part in the reaction. At 1400°C (partial fusion) 30% have undergone a 
change. The change is considerably accelerated by mixing the substance with water. 
The expansion of particles of ceramic masses can be recorded by determining the com- 
pressive strength of pressed samples. Fluxing materials are also added to powdered 
substances. These produce sintering of the product at lower temperatures. In accord- 
ance with the foregoing, water used in the working of ceramic masses has but a secondary 
importance. F.P.H. 
Asbestos fibers. J. N. LonGtey. Chem. & Ind., 46, 525-26(1927).—The name 
asbestos is applied to 2 main groups of minerals: (1) the serpentine group which includes 
chrysotile, the silky white fiber of commerce, (2) the amphibole group which includes 
crocidolite (South African blue), amosite, tremolite, and actinolite. Commercially 
the most important are chrysotile, which covers 90% of the industrial use, and crocido- 
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lite. Chrysotile is 3MgO-2SiO,-2H,O, but it may contain 3.42% Al,Os;, 6.67% FeO 
and 0.4% Fe.O; if Canadian medium grade, and 7% Al2Os3, 2.86% Fe.0s3, and 3% CO: 
if Rhodesian low grade. Crocidolite is of the type NaFe (SiO3)2, Fe SiO;, HO, but 
analysis may show up to 1.1% COs, 1.95% AlsOs, 1.95% Fe20s, 3.03% MgO. Chryso- 
tile begins to lose H,O at 450° and is dehydrated at 800°. Crocidolite begins to change 
below 300° and at the end of 1 hr. at 350° its fibrous strength is destroyed. A disad- 
vantage of crocidolite is that it is a ferrous compound and liable to oxidize under warm 
and damp conditions, and oxidation is accompanied by disintegration. H.H.S. 
The accuracy of mechanical analysis. CHESTER K. WENTWORTH. Amer. Jour. 
Sct., [Sth Ser.], 13 [77], 399-408 (1927).—A description of the errors involved in sieve 
analyses. The 3 errors of time, splitting, and repetition are the principal errors involved 
in the laboratory treatment of sedimentary materials. Other errors include those 
inherent in the wire meshes of the sieves, in the weighing apparatus, and various acci- 
dental errors of manipulation. It is extremely important to use standard shaking 
periods to secure comparable series of analyses. Errors due to splitting in the Jones 
sampler are relatively small compared to the whole sample, even in the grade (4-8 mm) 
which approaches the size of the splitting compartments. F.P.H. 
Crystallization. HENRY A. Miers. Chem. and Ind., 46, 467(1927).—When a 
solution is cooled below its saturation temperature, it passes into a ‘‘metastable’’ state 
in which crystals can only be produced by seeding or by shock, and at a lower tem- 
perature it passes into a “‘labile’’ state in which crystals may appear spontaneously. 
Little importance has been ascribed to undercooling by most geologists in their con- 
siderations of crystallization of molten magmas, but to metallurgists it is a most im- 
portant factor. The structure of alloys is in many cases attributed to suspended 
crystallization, not only during solidification, but also during the changes which take 
place in the solid with change of temperature. H.H.S. 
Volatility of borax. I. M. Ko.tnorr. Nature, 119, 425(1927).—After the borax 
had been dried at 200°, the crucible was placed in an electric oven at a temperature of 
700-750°, until constant weight was attained. It was heated to 800°, at which tem- 
perature the salt fused; the weight did not change. We cannot confirm the statement 
of Briscoe, Robinson, and Stephenson (Jour. Soc. Chem., 112, 150(1925)) who state 
that fused borax loses sodium oxide. Even after the substance had been heated for 
2 hrs. at 800° the weight did not change. - In Nature, 118, 374(1926), (see Ceram. 
Abs.,6{1],37 (1927)), they state that the inside of the silica muffle used for the fusions of 
borax in this investigation was completely coated with a white opaque enamel, about 
0.06 in. thick, of a product of a reaction between volatilized material and the silica. 
K. repeated his tests, and again found a negligible loss of weight after 2 hrs. heating at 
800°. Briscoe heated the substance for 2-24 hrs. and worked under conditions favorable 
to volatilization. In order to check the results formerly obtained K. heated about 3 mg 
anhydrous borax in the electric oven under the conditions prevailing during tests by B. 
K. continued heating for about 15 hrs. at 880°, and afterwards 20 hrs. at 940°; at different 
intervals the borax was weighed. From the results, it appeared, that the borax lost 
at 880° 0.16 mg per hr., and at 940° 0.23 mg due to the volatilization. K. therefore 
confirmed the statement for B. and his collaborators that fused borax is volatile. It is 
evident that under favorable conditions (heating in a crucible without passing over it a 
current of air, and at a temperature of about 800°) the loss due to the volatilization of 
sodium oxide is so small that it is negligible, even for most accurate analysis, if the 
heating is not prolonged for more than 20 hrs. O.P.R.O. 
The structure of certain silicates. W.L. BRAGG AND J. West. Proc. Roy. Soc. 
London], 114A, 450—73 (1927).—The problem of the structures of complex silicates of 
ow crystallographic symmetry is attacked with the primary assumption that they 
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are built up on a basal arrangement of the O-ions, which are the largest occurring in 
the crystals, having, according to recent data, an effective ionic radius of 2.7 A. U. 
Si, Al, Be, Fe, and Mg ions are so small that they will fit between the O-ions without 
greatly disturbing the arrangement. Larger ions, Na, Ca, K, Ba, are able to be deter- 
mining factors in the arrangement. The fundamental O-ion arrangement may be either 
the face-centered cubic or the close-packed hexagonal lattice. The m of a close-packed 
arrangement of O-ions is calculated as 1.71; hence a silicate with a close-packing of O 
atoms must have a » of at least 1.71. Such silicates will also have a volume of about 
13.9 A.U.3 for each O atom, and their unit cell dimensions will be simply related to one 
of the close-packed O arrangements. Cyanite, Al.SiOs, a triclinic crystal which fulfills 
the above conditions, is shown by this procedure to be built on a very slightly distorted 
face-centered cubic arrangement of O atoms. The intensity of reflection from different 
planes verifies this result. Chrysoberyl, olivine, monticellite, and topaz are examined as 
structures based on the close-packed hexagonal arrangement. The chondodrite group 
is examined as an interesting example of morphotropy, and the structures are shown 
to be related to that of olivine. Though the close-packed arrangement of O atoms 
seems to be exceptional, the estimation of about 2.7 A. U. between neighboring O atoms 
appears to be of greatest help in determining the structure. (C. A.) 


Double salts in the isomorphous series MgSO,-7H,O-ZnSO,-7H,O and remarks 
on solid compounds in general. H. G. K. WeESTENBRINK. Verslag Akad. Weten- 
schappen Amsterdam, 35, 968-78 (1926).—Hollmann (Z. physik. Chem., 37, 193 (1901); 
40, 561(1902)) discovered the existence of compounds 2MgSO, - ZnSO, - 21H,O and 
MgSO,’ ZnSO, - 14H,O from vapor-tension measurements. W. takes up in a general 
way the problem of mixed crystals vs. compounds. Complexes of isomorphous salts are 
mixed crystals that have a random distribution of the components over the lattice, and 
therefore statistical lattice dimensions derivable additively from those of the components. 
Their homogeneity and microperiodicity are only apparent ones but the macroscopic 
properties including the X-ray interference pattern will be those of a normal crystal 
with mean values of the parameters and the same number of lines. A crystallized 
double compound however, has the full regularity and periodicity of its crystal system in 
the microscopic sense; it must consequently have a degree of symmetry lower than that 
of the component crystals and therefore show additional lines in the X-ray pattern. 
Both types of solids may occur in the same system. The presence of compounds has 
been proved on X-ray evidence for the dolomite system (Haga and Jaeger, C. A. 10, 
2322) and for the Au-Cu compounds. (Johannson and Linde, C. A. 20,1154). For the 
continuous series of mixtures of MgSO, - 7H,O and ZnSO, - 7H,O, the crystal form is 
the same, the physical properties (refractive index 8, density, X-ray spectrum) vary con- 
tinuously. In their symmetry class V, no triple points occur, as required for Hollmann’s 
2:1 compound and no room is left for a 1:1 compound; for these reasons it is concluded 
that no compounds exist, and that the series consists wholly of mixed crystals. (C. A.) 


The theory of fluidity. Y. SHERMAN. Keramika i Steklo (Russian), 2, 356-57 
(1926).—S. analyzes the colloidal properties of the plastic substances used in the ceramic 
industry showing the influence of electrolytes on these properties. (C. A.) 


The adsorptive force of silica for water. P. G. Nuttinc. Jour. Phys. Chem., 31, 
531-34 (1927).—Making use of data obtained by others on the heat of wetting of silica 
of varying moisture content, N. is able to show graphically some interesting conclusions. 
The change in energy with change in thickness of water molecules on the surface breaks 
sharply at a film of about 100 molecules of water. This would exert a pull of about 
17,000 atmospheres. This adsorptive force may give data from which the degree of 
hydration may be deduced. (C. A.) 
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Electrometric study of the precipitation of silicates. H.T.S. Brirron. J. Chem. 
Soc., 425-36. (1927).—The electrometric titration of sodium silicate with HC] indicates 
the neutral point together with 3 salts of the silicate. Precipitation of the metallic 
silicates shows less silica is required than that necessary to form the metasilicates. The 
pu at which the silicate and the corresponding hydroxides precipitate has been tabulated 
for many metallic salt solutions. (C. A.) 

The structure of artificial ultramarines—a relation between these and the minerals , , 
hauynite, noselite, sodalite, lazurite, and nephelite. I. F.M. JAEGER, H. G. K. WEs- 
TENBRINK AND F. A. vAN MELLE. Verslag Akad. Wetenschappen Amsterdam, 36, 
29-47 (1927).—The chemical composition of a number of artificial ultramarines appeared 
to vary considerably, and no rational molecular formula can be given. Ultramarine blue 
(rich in Si) varied around Na¢AlSi¢O20Su, red around NasAl,SisO22S;, and green (poor 
in Si) around NasAl¢SiceQ2S2. The S content is higher for material prepared by the 
soda process than that prepared by the sulphate process. Hull-Debye powder spectro- 
grams (Cu radiation) showed that all ultramarines, independent of color or chemical 
composition give exactly the same interference picture (13 lines), identical with that of 
noselite and hauynite, ao being 9.13 A. U. for all. The cubical space lattice is body 
centered from specific gravity measurements of the ultramarines (around 2.36) and of 
the 2 minerals (2.40) there are 2 ‘‘molecules’’ per unit cell for noselite (NasAlsSisO;6S) 
and 1 ‘‘molecule’’ per cell for the ultramarines with 6Si atoms. A Bragg picture of a 
hauynite crystal gave d;o,=9.11, of noselite 9.13 A. U., confirming the powder measure- 
ments. Considerations on the spatial symmetry of the crystals lead to the conclusion 
that possibly group o£ represents these compounds (guided by the placing of 6Si and 
240 atoms). Whatever speculation is made on this subject, however, it appears certain 
that to several of the constituent atoms (Na, Al, S, for hauynite, also Ca) no definite 
place in the lattice can be assigned. A great number of atoms are not periodically 
arranged, but statistically distributed (vagabond atoms); the similarity with peculiari- 
ties in the X-ray diagram of cleveite and bréggerite (0 in UO, lattice), and of sillimanite 
and mullite is pointed out. Probably a periodical structural skeleton of Na, Si, and O is 
present, filled up with wandering Al, S, and part of the Na. This explains the mobility 
of the Na atoms (replaceable by Ca) and the relationship between ultramarines and 
zeolites. The coloration of the ultramarines is caused by complexes of varying sizes of 
S atoms of Al-S or Na-S combinations distributed through the skeleton. Sodalite 
(Monte Somma) has from a powder spectrogram da» 8.81 A. U.; the lattice is a simple 
cubical one. These results were confirmed by rotation and Bragg spectrograms. 
From d=2.30 follows a mass of roughly NasAl¢SicOesCle per unit cell, the space group 
(tetrahedral symmetry) being Ty. The presence of 2 sixfold places in this group 
(Al and Si) makes the wandering qualities of some constituents doubtful. From an 
Afghanistan dull blue lazurite specimen the powder diagram was largely the same as that 
of hauynite-ultramarine. Lazurite is not a mixed crystal of hauynite and sodalite as 
often supposed. Artificial nephelite was prepared identical with the natural mineral, 
by sintering repeatedly at 700° mixtures of Si02.+NazCO;Al,0;, NaAlO.+SiO2, or 
kaolin+Na2CO;. From their X-ray spectrograms appeared d; 000 =4.19 A. U. =} X25.14 
A.U. The cell dimensions are apparently c= 25.14, a=9.87 A. U., the space group being 
C.; This structure of nephelite (d=2.62) corresponds to 24 “molecules” of NaAlSiO. A 
per hexagonal cell. No relation is found between this mineral and the ultramarines. 

Reactivity of manganese dioxide in the solid state. F. pE Cari. Atti accad. 
Lincei, 4, [6], 577-81 (1926).—MnO, was heated with various oxides and the reaction 
studied by the same method as that used in previous work. The dissociation curve 
of MnO; indicated 2 endothermic transformations, the 1st at 530° involving the forma- 
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tion of Mn.O; and the 2nd at 930-40° when Mn,Q, is formed. At 400° there was evi- 
dence of softening which ended at 530°. Heated with BaO, SrO, and CaO in the 
proportions: MO - MnO2, MO - 2MnO, and MO - 3MnQz, (where M is Ba, Sr, or Ca) 
an exothermic reaction begins at 150—250° and is a maximum with BaO and a minimum 
with CaO. MnO, oxidizes Cu,O at 380° and SnO at 180°. The reaction with AsO; 
extended from 450 to 700°, with Sb,O; from 350 to 600°, with WO; from 300 to 500° 
and with MoO; from 200 to 400°, yielding light gray, yellow, olive-green, and green-gray 
powders, respectively. With Bi,O; there was a slight reaction from 300 to 500°, with 
formation of-a gray powder. The curve of B,O; indicated no reaction, nor were the ar- 
rests in the curve caused by decomposition of MnO, evident, but a gray-violet powder 
was formed. There was no reaction with Al.O;, CreO3, SnO2, TiOe, or SiOx. The violet 
color with B,O; was probably due to Mn;(BOs)2, in which case reduction must continue 
beyond Mn;O0,. MgO, ZnO, CuO, CdO, and PbO in equimolecular proportions) do not 
influence the decomposition of MnO. The results in conjunction with those with PbO, 
(C. A., 20, 1766) and with BaO, (cf. Hedwall and Zweigbergk, C. A., 14, 2311; 19, 768) 
show that such compounds can react in the solid state with numerous and varied com- 
pounds. The reactions may be divided into 4 classes: (1) oxidation by MnO., PbOn, 
or BaOz of oxides susceptible to oxidation; (2) salt formation, sometimes preceded by 
oxidation of the anhydride; (3) formation of addition compounds with metallic oxides 
(true only of PbO, and MnO,); and (4) lowering of the temperature decomposition (true) 
only of BaQO,). a3 
The analysis of fluorspar. E. BAmLLEux. Ingénieur chimiste, 9, 230-42 (19259.— 
(1) Ignite 2g of finely powdered and dried sample in a muffle at not over 300°; the loss is 
organic matter and combined H,0 if present. (2) Digest the residue from (1) on the 
water bath for exactly 30 minutes with 150cc of 10% AcOH, filter, wash 5 times with 
boiling H.O, dry and ignite at not over 300°. The loss is CaCO ;. Divide the residue 
into 2 equal portions. (3) To half the residue from (2) add 3-4 cc concentrated H2SO, 
and 3 cc HF, evaporate to dryness, treat again with HF alone, dissolve in 10% HCl, 
oxidize with HNOs, precipitate Al,O;+Fe.0; with NH,OH, eliminate traces of CaO by 
double (and at times triple) precipitation and determine Al,O; and Fe,O; by known 
methods. If desired, CaO can be determined in the filtrate, giving CaO combined as 
CaSO, and as CaF,, which would serve as a check on their direct determination. (4) 
To the other half of the residue from (2) add 20 cc of highest-purity HF (free from non- 
volatile residue and H:SO,), carefully evaporate to dryness, repeat the HF treatment, 
add 1 cc NH,OH, evaporate to dryness carefully, ignite at low temperature. The loss 
is Si02+Al,0;. (5) Take up the residue in 10 drops HNO; and 2 cc HF, cover the 
crucible, digest 30 minutes on the water bath, evaporate to dryness, repeat the treat- 
ment with HF alone until the residue is white, place the crucible in a small beaker and 
add 50 cc of NH, citro-acetate solution (make 500 cc of 65% AcOH alkali with NH,OH, 
add 80 g citric acid dissolved in a little H,O, and make to 11 with NH,OH), digest 30 
minutes on the water bath, decant through a filter, digest again with the reagent, filter, 
wash, and ignite at low temperature. The residue should be pure CaF, (with BaSO, 
if present) and the loss is CaSO, and Fe fluoride. (6) Determine CaO in the filtrate 
from (5) and calculate to CaSO, (7) Check the CaF, determination by treating with 
H2SO, evaporating to dryness, igniting, and weighing. Dissolve in 10% HCl, and if 
any insoluble residue remains, filter, wash, ignite, and weigh as BaSO,y. Owing to the 
solubility of CaF, in 10% AcOH a —0.0040 g correction must be applied to the CaCO; 
found in (2) and a+0.0020 g correction to the CaF, found in (5); and owing to the 
solubility of CaF, in the NH, citro-acetate reagent a further +0.0025 g correction 
must be applied to the CaF, found in (5). iC. 4.) 
Green compounds of cobalt. A. BERNARDI. Gazz. chim. ital., 57, 232-34 (1927).— 
A preliminary note. Under ordinary conditions, addition of aqueous NaOH to aqueous 
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CoCls, CoSO,4, or Co(NOs)2 gives a blue basic salt which on heating with more NaOH 
is converted to rose-colored CO(QH):. If, however; very dilute aqueous NaOH is 
added cautiously to cold very dilute aqueous CoCl., CoSO,4, or Co(NOs)2 so that there 
is always a deficiency of NaOH, precipitates of a green color are obtained. They are 
stable only when the ratio of the molecules of Co salt to NaOH lies within the range 
1:0.02 to 1:0.44. With such concentration ratios the green compounds were stable 
enough to be washed, dried, and analyzed, and in water they were unchanged after 75 
days. Above or below this range they form momentarily or not at all. Furthermore, 
in the absence of O only blue precipitates are obtained, but within the range above, the 
blue compounds formed in the absence of O rapidly change to green compounds if air is 
passed through the reaction mixture. The green compounds from CoCl; and NaOH 
contain Co, Na,and Cl,the per cent Co and Cl increasing with decreases in the proportion 
of NaOH added. Thus 3% aqueous CoCl, treated with 0.1 N NaOH (ratio 1:0.17) 
gave a compound containing 3.68% Cl and 54.49% Co and 3% aqueous CoC], treated 
with 0.5 N NaOH (ratio 1:0.09) gave a compound containing 3.97% Cl and 56.77% Co. 
The work is being continued. 4.) 
Preparation, refractive index, and dielectric constant of red crystalline selenium. 
S. Kyropou.os. Z. Physik, 40, 618-20(1926).—The red crystallized form of Se prob- 
ably has no stable existence. Previous preparations of crystals have been so small that 
photoelectric properties could be estimated only qualitatively. By slow circulation of a 
CS, solution of Se in an apparatus similar to a melting point tube for several months 
wile one side was maintained at 12°, and the other contained a gauze bag of powdered 
Se at 30°, crystals 2 mm on the edges were prepared. The characteristic angles are 38° 
30’ and 76° 6’. The crystals transmit only red light, and reflect bluish with metallic 
luster; » = 2.8 and 2.3 in two directions; dielectric constant, e=7.39. (C..4.) 


BOOKS 
A Comprehensive Treatise on Inorganic and Theoretical Chemistry. Vol. VII 

Ti, Zr, Hf, Th, Ge, Sn, Pb. Inert Gases. J. W.MELLOR. 977. pp. Longmans, Green 
and Co., Ltd., London, 1927. Price $20.00; reviewed in Jour. Ind. Eng. Chem., 
19 [6], 758 (1927).—The 7th volume of this series completes the work on the elements of 
the fourth group and includes the inert gases. The presentation follows closely the plan 
of the series, each element being treated as to its history, occurrence, and the preparation 
and properties of the element and its compounds. The research worker and student 
will find many a valuable suggestion in the historical development of each topic. 


R.J.P. 
Handbook of Physics. H. GEIGER AND KARL SCHELL. Julius Springer, Berlin. 
Reviewed in Stahl u. Eisen, 47 [17], 735 (1927). F.P.H. 


Physico-chemical Periodicity. H.S. HEDGES AND J.E. Myers. 93 pp. Longmans, 

Green and Co., New York. Reviewed in Amer. Jour. Sci., [Sth Ser.], 13 [77], 451 (1927). 
F.P.H. 

Outlines of Physical Chemistry. GEORGE SENTER. 14th ed. 421 pp. D. Van Nostrand 

and Co., New York. Reviewed in Amer. Jour. Sci., [5th Ser.], 13 [77], 451(1927). 
F.P.H. 

Physico-chemical Methods. JosEpH REILLY, WILLIAM ROE, AND THOMAs S. 

WHEELER. 735 pp. D. Van Nostrand and Co., New York. Reviewed in A mer. Jour. Sci. 


[Sth Ser.], 13 [77], 452 (1927). F.P.H. 
The Fundamentals of Heat Transmission. FRIEDRICK MERKEL. Theodor Stein- 
kopff, Leipzig (1927). Reviewed in Mining and Met., 8 [246], 289 (1927). F.P.H. 
PATENTS 


Process for the preparation of magnesium chromates. GEORG KRANZLEIN AND 
ARTHUR Voss. U. S. 1,632,299, June 14, 1927. A process of preparing magnesium 
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chromates which comprises reacting a chromate of an alkali-forming metal with a 
magnesium salt of an acid which forms with the alkali-forming metal a salt which is more 
difficultly soluble in water than the magnesium chromate. 

Aluminum-chloride production. Epson R. Wotcort. U. S. 1,633,835, June 28, 
1927. The process for producing aluminum chloride which consists in heating aluminum 
silicate material in the presence of carbon and chlorine to produce aluminum chloride 
and silicon tetrachloride, withdrawing the gases resulting from such reaction, cooling 
the gases to condense and collect the aluminum chloride, and then to condense and 
collect silicon tetrachloride, and maintaining a body of silicon tetrachloride so condensed 
in the path of the effluent gases to produce a liquid seal to prevent access of moisture to 
the aluminum chloride. 

Method of producing sodium fluoride. Eart P. Stevenson. U. S. 1,634,122, 
June 28, 1927. A process for obtaining sodium fluoride from sodium fluosilicate which 
consists in decomposing the fluosilicate into sodium fluoride and hydrosilicic acid by 
treatment with a carbonate evolving carbon dioxide in the reaction, next treating the 
hydrosilicic acid with a caustic reagent to convert it into a soluble silicate, separating 
the alkali solution of the silicate from the sodium fluoride, and finally treating the filtrate 
with carbon dioxide to decompose the silicate and form a bicarbonate suitable for conver- 
sion into carbonate for re-use in the process. 

Removing iron from clay, kaolin, etc. H. FLEISSNER. Austrian 104,745, December 
17,1924. The material is calcined until it assumes a reddish tinge before it is subjected 
to the usual treatment for the removal of iron, e.g., successive sulphurization and extrac- 
tion with acids. (Brit. C. A.) 


General 


The nation and science. HrErRBERT Hoover. Bull. Amer. Ceram. Soc., 6 [7], 
175-79 (1927); reprinted from Sigma Xi Quarterly, 15, [1], 13-19(1927).—The increase 
in number of industrial and government research laboratories in the past twelve years is 
discussed. These, however, are devoted to the application of science and not to funda- 
mental research. The need for a wider and more liberal support of pure science research 
is stressed. This support must be sought from three directions; (1) from the govern- 
ment, both national and state, (2) from industry, and (3) from an enlargement of private 
benevolence. The tremendous value of fundamental research is pointed out. E.J.V. 

Clay washing. J. M. Harpy. Bull. Amer. Ceram. Soc., 6 [7], 197-99(1927). 
A description of the clay refining plant of the Washington Brick, Lime, and Sewer Pipe 
Co., of Spokane, Washington, used for washing a deposit running about 35% kaolin and 
65% fine silica, quartz, and mica. Details of construction of special parts are given. 

E.J.V. 

Clay mining. J.G.AppERSON. Bull. Amer. Ceram. Soc., 6 |7|, 201-202 (1927).—A 
description of the method of mining clay used at the Renton, Wash., plant of the Denny 
Renton Clay and Coal Co. E.J.V. 

Mining shale for sewer pipe. W. E. LEmMLEy. Bull. Amer. Ceram. Soc., 6 {7]), 
202-204 (1927).—A description of the shale veins at Taylor, Washington, and methods 
employed in mining it, similar to the “glory hole’’ system of mining low grade gold ore. 

E.J.V. 

Notes on clay mining. JosepH DANIELS. Bull. Amer. Ceram. Soc., 6 |7), 204-205 
(1927).—A discussion pointing out certain lines of attack of possible economic value to 
clay workers, these lines representing the experience of workers in related fields of mining 
activity. E.J.V. 

Clay pit and mine methods. Anon. Brick Clay Rec., 70 {13}, 1002-25 (1927) 

A complete survey of the entire field of clay mining taking up in detail the following 
subjects: drills and drilling, blasting and explosives, power shovels, draglines and slack- 
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lines, shale planers, ditching machines, clay gatherers and scrapers, mine loaders, trans- 
portation, locomotives, pit and mine cars, drum hoists and wire rope haulage, aerial 
tramways, tracks, and pumps. Photographs and diagrams are used to illustrate various 
points in the discussion. E.J.V. 
Warn ceramic men of tariff reduction. ANon. Brick Clay Rec., 70 {13], 1026-27 
(1927).—William Burgess, former member of the U. S. Tariff Commission, and Arthur 
L. Faubel, formerly on the staff of that body, and now Secretary of the American Tariff 
League, spoke of the dangers of a low tariff and urged ceramic manufacturers to combat 
against it, in addresses before the N. J. Clay Worker’s Association at Asbury Park, N. J., 
on June 10. E.J.V. 
Color advertises terra cotta. ANon. Brick Clay Rec., 70 [13], 1028(1927).—An 
extensive campaign of painted signboard advertising wherein the chief selling point is 
the color-beauty of terra cotta construction has been opened by manufacturers of the 
Middle West under the banner of the Terra Cotta Service Bureau. The types of signs 
are described. E.J.V. 
Industrial management at the helm of prosperity. MaGnus W. ALEXANDER. 
Brick Clay Rec., 71 [1], 26-30 (1927); similar article in Ceram. Ind., 9 [1], 29-33 (1927). 
Mechanization and scientific planning has made the United States the greatest industrial 
nation. Data are presented to show the growth of earnings, savings, and manufactures, 
and the purchasing power of wages. Many problems remain to be studied yet. 
E.J.V. 
Best way to avoid depression is not to let it catch you. GrorGe E. MacIL_wain. 
Brick Clay Rec., 71 |1], 32 (1927).—An analysis of business activity for the year 1927 to 
date. E.J.V. 
Turning mine waste into profits. H.E.Notp. Brick Clay Rec.,71 {1}, 37-39 (1927). 
—A system of underground clay mining which recovers the greatest possible amount of 
clay from a deposit is proposed. A detailed explanation of the system is given, illus- 
trated with diagrams. E.J.V. 
Meeting of German Society of Glass Technology. BANGert. Glass Ind., 8 |7], 
158-60 (1927).—A report of the May meeting with abstracts of the following papers 
read thereat: ‘“‘The Plate Glass Process of Bicheroux,’’ by A. Wendler; ‘‘The Sillimanite- 
Mullite Problem,” by W. Eitel; ““The Problem of the Nature of the Glassy State,” 
by E. Berger; ‘‘Automatic Regulation of Gas Pressure in Glass Works,” by W. Fried- 
richs; ‘‘Gases in Glass,’”’ by H. Salmang. Other papers not abstracted are, ‘‘The Devel- 
opment of the Thermometer Industry of Thuringia,”’ by H. Fischer; and ‘‘The Physical 
and Chemical Properties of the System: Soda—Lime—Potash—Alumina-Silicate,’’ by 
F. Berger. 
Activities of the Society of Glass Technology. Anon. Glass Ind.,8([7], 173 (1927).— 
Pottery Gaz., 52 [601], 1109-11 (1927).—A report of the May meeting with abstracts of 
the following papers presented: ‘“‘The Decomposition of Glass by Water at High Tem- 
peratures and Pressures,’ by G. W. Morey and N. L. Bowen; “The Brittleness of Opal 
Glass,”’ by G. Gehlhoff and M. Thomas; and “The New British 15-Arm Automatic 
Suction Bottle Machine,” by Francis Redfern, Jr. E.J.V. 
The state ceramic technical school at Landshut in Bayern. W.RupoipH. Kera- 
mos, 5 [10], 452-54 (1926).—A historical discussion of the school which was founded in 
1873. Its growth and development of courses in its curriculum are traced. __E.J.V. 
List of the ceramic schools in America. ANON. Keramos, 5 [12], 540(1926). 
A list giving the location, date of founding, and director of each of the 15 ceramic schools 
in the United States and Canada. E.J.V. 
Of the work of the German Society of Glass Technology. W.E. Keramos, 5 [12], 
547-48 (1926).—A general discussion of the various investigations being carried on by 
the members of the Society. n.5.¥- 
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Meeting of Stained Glass Association. ANoNn. Nat. Glass Budget, 43 [7], 3(1927). 
—A notice of the twenty-sixth annual convention of the Stained Glass Association of 
America at St. Louis, June 26 to 28 inclusive. E.J.V. 

The work of the National Physical Laboratory. Anon. Pottery Gaz., 52 [601], 
1113-17 (1927).—Work done in the various departments is summarized. The thermal 
conductivity of vitreous silica over a temperature range of approximately 70 to 250°C 
has been determined. The value obtained was 0.00338 C.g.s. units at 100°C with a 
change of conductivity of 0.0000018 C.g.s. units per 1°C. The methods employed are 
described. Other investigations in the physics department are: colored glasses for 
railroad signals, selective absorption of optical glass, investigations of lens systems, and 
some miscellaneous tests. Resistivity of porcelain and approval of ships’ navigation 
lights and lenses have been worked on by the electrical department. The metrology 
department has worked in conjunction with the Joint Committee for the Standardiza- 
tion of Scientific Glassware, and has made routine tests on glass volumetric apparatus. 
A special refractory for thermocouple protectors and sheathing has been developed in 
connection with iron-manganese research in the metallurgy department. It consists of 
a lime-alumina mixture of composition 23.5 to 28% CaO, 76.5 to 72% Al.Os, refractory 
up to 1650—1700°C, nonporous, and resistant to the corrosive action of iron-manganese 
melts. It must be fired at 1710 to 1750°C E.J.V. 

North Staffordshire Chamber of Commerce. Anon. Pottery Gaz., 52 [601], 
1117-19(1927).—A report of two addresses given, one on “‘Commercial Education in 
Stoke-on-Trent,’”’ by Allan F. George, and the other on ‘Refractories Research,” by 
A. J. Dale. The latter gave a brief historical survey of what had been achieved, and 
what was being done by the North Staffordshire Technical College in research aiming at 
improvement in refractories. E.J.V. 

The Ceramic Society’s tour in Czechoslovakia and Austria. II. ANon. Pottery 
Gaz., 52 [601], 1130-39(1927).—Plants visited were those of the Karlsbad Electro 
Osmose Co. at Chodau, the Epiag Porcelain Works at Pirkenhammer, and the Carl 
Knoll Porcelain Factory at Fischern. A description of the welcome to Prague, the 
Czechoslovakian Ceramic Society’s banquet, a presentation of a large Bohemian pipe 
to Dr. Mellor, and the joint meeting held on May 6, in the old City Hall at Prague is 
given. ¥. 

Burning powdered coal under boilers. Henry KReIsINGER. Blast Fur. Steel 
Plant, 15 [6], 284-85 (1927).—A recital of the trend in the development of the modern 
boiler furnace and the influence of thermal conditions on construction and design. 

F.P.H. 

Productivity of labor increases. ANON. Ceram. Ind., 9 [1], 33(1927).—Statistics 

show that while number of wage earners decreases, production of goods increases. 
F.P.H. 

Cost finding and plant management. E. J. Borton. Ceram. Ind., 9 {1}, 34- 
40(1927).—B. states that knowledge of costs helps in planning production and that 
plant managers must have contact with cost accountant. The new systems give cost 
data at a glance. Cost accounting in the ceramic industries is discussed. F.P.H. 

How much does dirt collect from your dividends. H. J. MitcHELL AND ROBERT 
TWELLs. Ceram. Ind., 9 |1], 41-43(1927).—Neatness and orderliness have been 
found by the Champion Porcelain Co. to lift morale and increase output. Simple 
devices that aid in keeping plant clean are described. A flow sheet showing the progress 
of a batch of Champion Porcelain spark plug body from the ball mills to the aging 
cellar is given. F.P.H. 

Modernization, the magician of industry. JoHn Youncer. Ceram. Ind.,9 [1], 
44-47 (1927). F.P.H. 
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Organization controlling production. R. B. FLERsHEM. Ceram. Ind., 9 [1], 48- 
50(1927).—Flershem says that forecasting of production and distribution must be 
carried out by efficient organization and that planning, production, and sales must be 
perfectly balanced. F.P.H. 


Inspection protects quality of ware. W. KeitH McAFEE. Ceram. Ind., 9 [1], 51- 
52 (1927).—The functions of an inspection department may be divided into 3 general 
groups: (1) controlling incoming materials, (2) managements checked on factory 
performance, (3) controlling quality of production. The first two primarily affect the 
cost of production, and the third the reputation of the manufacturer and the volume 
of sales. The types of inspection employed in the sanitary ware industry are described. 
F.P.H. 
Plan your production schedule. AL_sBert H. THomas. Ceram. Ind., 9 [1], 53- 
54 (1927).—In order to build a workable production schedule the superintendent must 
know the capacities of his equipment. A production board whereon the superintendent 
may see at all times what work is being done and where it can be located is a great aid 
in keeping things moving and having uniform production. F.P.H. 
Routing production through the plant. F. M. Burr. Ceram. Ind., 9 [1], 55-56 
(1927).—Any system of record keeping in the kitchenware plants should contain 
minimum of useless figures and yet cover the following points: (1) keep largest possible 
quantities of single or similar items together in each operation, (2) keep re-works cleaned 
up, (3) record exact position of any quantity of items on any order at any time, (4) pro- 
vide for precedence of ware, (5) record all losses and spoilage, (6) show best production 
efficiencies in each operation that standards may be established, (7) show exact manu- 
facturing costs in individual runs of individual items, (8) show exact piecework records 
which will discount possibility of cheating by operator. pf ws 
Better methods mean lower costs. ANON. Ceram. Ind., 9 [1], 64-66(1927).— 
A report of the spring meeting (May 26-27) of the Ohio Ceramic Industries Association. 
The following papers are abstracted: (1) ‘Protecting Ohio Ceramic Industries,’’ by 
President Murphy, (2) ‘‘What the Engineering Experiment Station Should be doing for 
the Industries of Ohio,”’ by E. A. Hitchcock, (3) ‘“‘The Business Outlook,” by C. H. 
Chase, (4) “Modernization in Industrial Processes,” by John Younger, (5) A symposium 
led by H. E. Nold on “Modernization in Clay Mining in Ohio,’’ and a symposium led 
by T. A. Klinefelter on “The Casting of White Ware.” F.P.H. 
Warn ceramic men of tariff reduction. ANoNn. Ceram. Ind., 9 [1], 68-72 (1927).— 
A report of the Meeting on June 10 of the N. J. Clay Worker's Association. F.P.H. 
British china manufacturers find that low wages paid to Czechslovakian workers is 
cause of low selling prices: glass industry is improving. ANon. Ceram. Ind., 9 [1], 
72 (1927). F.P.H. 
The commercial relations of Germany and the United States. ANon. Keramos, 
6 [5], 165-66; 6 [6], 205-209 (1927).—A comparison of the production of ceramic products 
by these two countries during the last 13 years. F.P.H. 
Glass and ceramics in Japan. Kari Untic. Keramos, 6 [5], 187(1927).—The 
development of the ceramic industry in Japan during the last few years is traced. 
The trend of engineering education. R.S. Lewis. Mining and Met., 8 (247), 
304-306 (1927).—A review of the report made by Wickenden and Hammond for the 
Society for the Promotion of Engineering Education. F.P.H. 
Descriptive bibliography on oil and fluid flow and heat transfer in pipes. Jor B. 
BUTLER. Missouri School of Mines, Tech. Series Bull. Reviewed in Mining and Met., 
8 [247], 328(1927). F.P.H. 
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The development of chimney construction. HuGco DieckHorr. Tonind. Ztg., 50 
(50th Anniv. No.) 72—73(1926).—A short history of the development of the chimney 
construction. F.P.H. 

Power plants in the building material industry. M. Gerckxe. Tonind. Zig., 
50(50th Anniv. No.) 74-75 (1926).—A description of the development of power plants 
that are used in the industries where building material is manufactured. F.P.H. 


Drying and firing of clays. ANon. Bur. Stand., Tech. News Bull., No. 122, pp. 
10—11(1927).—Report on this subject in course of preparation for publication. Three 
phases of this subject are covered: (1) the removal of moisture at and below 110°C; (2) 
the water-smoking period or the removal of hygroscopic and chemically combined water; 
(3) dehydration and oxidation of clays as practiced in commercial kilns. Fire clays are 
much more difficult to dry than shales, but temperature ranges of water smoking are 
more clearly defined in the former than in the latter. Water-smoking offers no difficulty 
in itself, but the time required to fire ware is controlled by the relative ease with which 
the ware can be dried and oxidized. R.A.H. 

Progress of china-clay investigation. ANon. Bur. Stand., Tech. News. Buill., 
No. 122, pp. 11-12 (1927).—Seventeen brands of English china clays have béen studied 
in regard to their physical properties with the aim of establishing the difference between 
American and English clays. Properties of raw materials and materials fired to various 
cones have been studied. A series of specific gravity values given for the fired materials. 
Thermal expansion to be determined. R.A.H. 


Quarry problems in the lime industry. OLiver BowLes AND W. M. MEyYERs. 
Bur. Mines, Bull., No. 269, p. 97(1927).—The process of lime manufacture is given 
with a brief outline of the uses to which it is being put, and the production in the United 
States during the years from 1908 to 1925. Following is a detailed discussion of the 
origin, quality, character, and distribution of limestone suitable for lime burning. 
Factors governing the location of a plant are given and the general plan of the quarry 
or mine described. The details of preparing for quarrying or mining, and various 
methods employed in the actual operations are given. The machinery best suited for 
a given method is also described from an economic and mechanical standpoint. Load- 
ing, transportation, crushing, and screening of the mined or quarried product are 
considered. Modifications of separate steps in the operation necessary to produce 
either a single uniform, or several graded products are indicated and a few general 
principles summarized on p. 79. The second part of the Bulletin treats the problem of 
utilization of waste rock at a lime plant. Description and operation of the shaft and 
rotary kilns are given showing how they may be made to convert small rock into lime. 
Uses of limestone waste for metallurgical purposes, road stone, ballast, concrete aggre- 
gate, chicken grit, agricultural purposes, filler, and whiting are briefly discussed. 

VASA. 

Manufacture in Canada, 1926. Dominion Bureau oF Statistics. Prelimi- 
nary Statement, June 1, 1927. The manufacture of nonmetallic mineral pro- 
ducts in Canada during 1926 amounted in value to $186,261,756, an increase of 
$42,000,000 over 1925, and the highest figure on record for this group of industries. 
Exports of this group were $27,113,032 as against $24,343,120 in 1925. Clay products 
(brick and tile) for 1926 showed 180 plants in operation; capital employed $22,506,838; 
employees 3,637; salaries and wages $3,598,034; net value of products $8,126,803. In 
addition to this, there were 5 clay sewer pipe plants, 6 firebrick, 4 stoneware, 12 cement, 
and 60 lime plants. H.H.S. 

Stone preservation. ANon. Chem. and Ind., 46, 456(1927).—The ravages of 
time upon ancient structures in England continue to give cause for investigation. 
CaSO, formation is said to be “‘a two-headed giant of destruction,” for not only can it be 
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dissolved away so that in a sense rain water is a solvent for stone, but also the production 
of sulphate crystals within the stone leads to disintegration. The theory of preservation 
is how best to coat the individual grains of porous stone with a protective layer so placed 
as not to diminish the porosity of the stone. Anything which tends to close the pores 
of the stone, such as cement, is dangerous; crystallization takes place behind the cement. 
The Stone Preservation Committee has reported favorably on paraffin wax, silicate of 
soda, colloidal BaSO,, and synthetic resins of the phenol-formaldehyde type. ‘‘Silicon 
ester,’’ which deposits a thin film of insoluble Si02, would appear to provide an almost 
ideal method of preservation. H.H.S. 
Colloidal earth in soap making. J. S. ReminGton. Jndustrial Chemist, 3, 200 
(1927).—A clay soap, containing only 30% of fat or oil and the rest earth, was made 
from a mixture in equal quantities of colloidal china clay and a special earth found only 
in large quantities in one place in England. The soap was more soluble in water, 
and lathered more easily, than ordinary soap. It had also remarkable medicinal 
qualities in curing eczema. H.H.S. 
Catalpo clay. Anon. Industrial Chemist, 3, 227(1927).—Catalpo is a colloidal 
clay prepared from Cornish china clay by treatment with Na2CO; and alum and, after 
sedimentation of mica, etc., evaporation to dryness with 3% Na2CO;. It is regarded 
as valuable for curing rubber, as a catalyst for oxidation or hydrogenation, and as a 
filler for soap. H.H.S. 


BOOKS 


The Law of Chemical Patents. Epwarp Tuomas. D. Van Nostrand Co. Inc. 
New York, 1927. 358 pp. Price $6.00; reviewed in Jour. Ind. Eng. Chem., 19 [6], 
758 (1927).—This work deals with what has become to a very considerable extent a 
distinct branch of the patent law, and one in which there has been a real need for a 
comprehensive and reliable work dealing with its principles and practice. Also re- 
viewed in Mining and Met., 8 [246], 289(1927). R.J.P. 

Lead Poisoning. JosepH C. Aus, LAWRENCE T. FAIRHALL, A. S. MINOT, AND 
PauL REzNIKOFF. The Williams and Wilkins Co., 
Baltimore. 1926. x+265 pp. 35 figs. 23.5 x 
15.5 cm. Price $4.00, reviewed in Jour. Amer. 
Chem. Soc., 49 [6], 1614(1927).—With a chapter 
on the prevalence of industrial lead poisoning in 
the United States by Alice Hamilton, from the 
Dept. of Physiology, Harvard School of Public 
Health, and the Medical Clinic, Mass. General 
Hospital. R.J.P. 


PATENTS 


System for mining. JAMEs W. Pearce. U.S. 
1,632,800, June 21, 1927. The method of mining 
which consists in initially driving a plurality of 
substantially parallel and intersecting cross entries 
to form rectangular blocks, removing the material 
from the blocks by scraper loading devices extending 
along working faces formed in adjacent parallel working entries and loading in trans- 
portation entries intersecting said working entries, removing the material along pre- 
determined staggered working faces on opposite sides of each working entry and connect- 
ing the working operations in adjacent working entries to leave pillars of pyramidal or 
inverted V-shaped form along the central portions of each of the blocks. 


| 
| 
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Molded asbestos products. Brit. 241,576. Rock Prod., 30 [14], 97(1927).— 
Asbestos is heated to a point just under fusion and while at this temperature is subjected 
to great pressure by rollers to yield a mass capable of being machined. F.P.H. 


Book Review 


Ceramic Technology. P. P. Bupnikorr. Charkoff Institute of Technology. 
“Kosmos,” Editor. 1927. 352 pp. The book discusses the following points: raw 
materials of the ceramic industry, clays, physical and chemical properties of clays, 
nonplastic materials, fluxes (fusible materials), classification of clays, preliminary treat- 
ment of clays, grinding, preparation of clays before shaping and forming, formation of 
ceramic products, drying and firing, gypsum, enamels and glazes, ceramic colors, 
literature of ceramic stains and colors, classification of ceramic wares, fire resistant 
materials, faience, white wares and pottery, porcelain, statistical data of ceramic in- 
dustries, literature. This book is an excellent treatise touching many sides of the 
ceramic industry from theoretical and practical points of view. The book will have 
special value to Russia, a country of immense potential riches and unlimited oppor- 
tunities. The book is abundantly illustrated with drawings and there are many 
formulas for making glass and enamels. It can be used as an excellent text book for 
Russian universities and trade schools. A. ZAKHAROFF 


American Ceramic Society 


1928 Annual Meeting 


Ambassador Hotel, Atlantic City, N.]. 


February 5-11, inclusive, 1928 


National Brick Manufacturers Association 


Meeting Concurrently 


The tentative program for meetings as agreed upon by 


the New 


Sunday: 


Monday: 


Tuesday: 


Wednesday: 


Jersey Local Committee is as follows: 


Registration — President’s Reception — Symphony 
Concert—Orchestra and Soloists—Dancing 


9:30 a.m. General Session 
2:30-5:30 p.m. Division Meetings 
8:30 p.m. Dinner Dance and Cabaret 


9:30 a.m.-12:30 p.m. Division Meetings 
12:30-5:30 p.m. Division Meetings 
8:30-10:00 p.m. Water Carnival 


9:30 a.M.-12:30 p.m. Division Meetings 
2:30-5:30 p.m.. General Meeting 
7:30 p.m. Banquet 


Thursday to Saturday, inclusive: Plant trips by Divisions in New 


Jersey, Pennsylvania, and Maryland. 


OO 


LOCAL COMMITTEE, NEW JERSEY CLAY 


WORKERS ASSOCIATION 


D. Parry Forst, Chairman FRANK W. DINSMORE 


R. L. 


J. A. 


CLARE Geo. H. Brown 
WILLIAMS Frep A. WHITAKER 


=> 
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ww 


AMERICAN CERAMIC SOCIETY 


Ceramists 
Abroad 


May 19-July 1. A tour through the ceramic 
plants in France, Czechoslovakia, Germany, 
Holland and England. 


Cost $900.00. 


Separate itineraries according to the inter- 
est of the tour members—glass factories for 


| glass manufacturers, potteries for potters, 
refractory plants for refractory manufac- 
| turers, enamel plants for enamelers, etc. 


| 

Invitations have been received from the 
Ceramic Associations and from manufactur- 
| ing companies in each of the countries to be 

| visited. 

Six weeks of studying, traveling and broad- 

ening of professional acquaintances. 


If you are interested, write to the Secretary, 
American Ceramic Society, 2525 N. High 
Street, Columbus, Ohio. 


i 
| 
| 
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HE worst thing that can happen 

to an industry is to face back- 
wards—to hold to habits because they 
are safe—to fear research because it 
may be expensive. 


All the progress in steel, automo- 
biles, electricity, radio and aviation 
has been made by forward facing ad- 
venturers. 


Without change there is nothing 
but vegetation. 


is zirconium oxide, a natural, elemen- 
tal opacifier. Its use by the first enam- 
eler was an adventure. Its adoption 
as a standard, self-sufficient, complete 
opacifier is a practical fact. Opax 
makes tougher, opaquer, whiter, 
more manageable, non-poisonous 


enamel. 
\ 


The Titanium Alloy Manufacturing Company 
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Ceramic Materials Dept.: R. D. Landrum, General Manager 
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EDITORIALS 
COOPERATION THAT COUNTS 


The history of the recently established Department of Ceramic 
Engineering of the University of Missouri at Rolla, brings out another 
outstanding instance of coéperation between a state’s industries and 
its university. 

In the first place, the establishment of the ceramic department was 
authorized to meet the expressed demand of the Missouri ceramic 
industry. When the school was established it was felt that the state 
legislature would appropriate generously for it. Instead, a retrench- 
ment program was started by the legislature which threatened the 
discontinuance of the new ceramic department. At that stage the clay 
industries of the state formed an organization to take care of the situa- 
tion. A brief was presented to the Governor and to the legislature. 
The result was a special appropriation of $12,000.00 for the ceramic 
department. This action is especially noteworthy in view of the fact 
that every organization under state control was given substantial cuts, 
in most Cases amounting to 20% of what they had spent the preceding 
biennium. 

This $12,000.00 was ostensibly for ceramic equipment. The director 
of the School, however, ruled that on account of the legislature cutting 
his general fund the $12,000.00 wouid have to go for salaries leaving 
nothing for equipment. 
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Undaunted by this, the ceramic industries of the state following 
the leadership of the A. P. Green Fire Brick Co. of Mexico, Mo. again 
came to the rescue. At a special meeting of the board of curators called 
to consider the ceramic situation they offered personally to provide the 
funds for completely equipping the laboratories with no formal cbliga- 
tion on the part of the university to pay them back. They also brought 
about the appointment of an additional assistant professor. 

The result of this coéperation is that the school will, this fall, be 
fully equipped and fully manned. 

This instance of the ceramic industries of a state causing the forma- 
tion of a ceramic department and securing the required support is a 
repetition of that which has made possible the ceramic schools in New 
Jersey, Georgia, Washington, Iowa, Illinois, Ohio, and North Carolina. 
Lately the Ohio ceramic manufacturers have shown how the facilities, 
activities, and influence of the university may be extended and more 
generously supported. The ceramic schools must have the active 
coéperation of the industries of the state if they are to continue pro- 
ductive, and especially if they are to keep responsive to the changing 
needs of the industries. In no way other than by close coéperation 
with the university will the ceramic industries of a given state get a 
fair return on the investment which they annually make in the univer- 
sity through levied taxes. 


THE INDUSTRIES PROFIT MOST WHICH DEMAND 
MOST FROM THE UNIVERSITIES 


A state university is maintained to meet the edu- 
cational requirements of the citizens of the state. 
Its chief function is to educate. Education comprises 
training to think, to find, and to apply facts. 
Who Pays The citizens of a state pay for the maintenance and 
the Bills operation of their university. The profit in return for the 
large sums annually so invested are facts made known and 
applied, and trained minds made available for employment. The 
university is not a money-making plant; it simply returns trained 
youths and finds facts for those who maintain it. 
Who Profits Certainly a university will profit only those who use it. 
If the ceramic manufacturers want the largest possible 
direct returns on their annual investment in their university they must 
systematically mold the policies of the ceramic department, and secure 
the character of instruction and the means of instruction which shall 
best train persons to meet industrial requirements. 


What the 
University Does 
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Ceramic industries have for the most part 
employed men as managers, superintendents, 
and foremen who have not had special school 
training. Their knowledge and training have been secured in the school 
of hard knocks, and a right good schooling they have had. They have 
advanced because of their capacity to see, analyze, and apply. It would 
profit manufacturers to secure special university training for those who 
daily are employed in the factories that they may the better see, 
analyze, and apply. 

For the farmers, the state employs several instructors and demon- 
strators who travel the state under university control and guidance to 
train farmers at home. The university publishes instructional pam- 
phlets and conducts correspondence courses for the farmers. It provides 
each year a two weeks’ course of special laboratory and class room 
instruction on the campus. What the university does for the farmers 
it will do for the ceramists provided the ceramists organize to make 
known their needs and insist upon the state furnishing the facilities. 
The Grange does this for the farmer. A ceramic industries association 
can do the same for the ceramists. 

What Should the The desirability | of separate collegiate degree 

courses in ceramic science, art, and engineering 
University Training 
Comprise must be determined by the ceramic manu- 

facturers. Should courses for each be provided; 
if so, what should they be? 

Technical control of processing throughout the production of ceramic 
wares to obtain quality at lowest possible cost is the task of the ceramic 
technologist. To manage, construct, equip, and maintain plants is the 
task of the ceramic engineer. To devise ceramic products is the task 
of the ceramic artist. Each requires different fundamental facts, talent, 
and thought habits. No one has the capacity to be equally accom- 
plished as ceramic technologist, artist, and engineer. Shall our ceramic 
department have specialized ceramic courses? 

The training of men for purely ceramic research 
such as is conducted at Mellon Institute, the 
federal bureaus, and industrial laboratories, re- 
quires the coédperation of manufacturers. Research fellowships should 
be provided by which advance students could employ at least one half 
of their college year in research on a definite manufacturing problem 
and the remainder of their time in studying the fundamental sciences. 
Such an arrangement would provide the industries with facilities at a 
very low cost and give men training with a practical slant on the 
application of fundamental science facts to industrial problems. 
American industries sorely need men thus trained. A large portion of 
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the money and time of our research institutions are needlessly used in 
giving this training to their employees whereas they could much more 
inexpensively and more effectively be trained in the universities, and 
the research laboratories, money, and facilities be much more profitably 
employed otherwise. 

Ceramic manufacturers may employ at state expense 
the engineering experiment stations on the testing 
of ceramic products. The desirability of a ceramic 
division in the engineering experiment station is 
obvious. This they can have if they will insist. 

The university will be pleased to see ceramic manufacturers organize 
to secure these educational advantages. Universities are willing to 
undertake these things on demand, advice, and coéperation of the 
manufacturers. 


The University 
Experiment 
Station 


“THE ART-IN-TRADE” MOVEMENT 


By MAry G. SHEERER 


In looking over some of the magazines and papers for May, 1927, I 
have found considerable emphasis on the subject of “‘Art-in-Trade.”’ 
As several of the Divisions of the AMERICAN CERAMIC SOCIETY are 
working in this same direction, it seems timely to strike another note 
ourselves on the same subject. 

The trend toward coéperation between the trade and art seems to be 
definitely under way when one considers, among other things, that 
in this one month of May there are reports on the subject in five 
different publications: from Macy’s Department Store in New York, 
from the Society of Arts and Crafts, Detroit, from the Convention of 
The American Institute of Architects, held at Washington, D. C., 
from the Metropolitan Museum, New York, from the Art Week in 
Dayton, Ohio. 

The Art Digest, which has a very large circulation, says 

Perhaps the most significant exhibition of the New York season was the ‘‘Exposition 
of Art-in-Trade”’ to which a great department store, Macy’s, gave up a whole floor. It 


was devoted to the industrial side of art, and consequently to the side nearest the 
people. The art and editorial writers wrote much about it. 


Five thousand persons attended the Exposition. 
To quote from the editorial in the Times: 


A department store has done what perhaps only a department store could do—has 
made us realize the extent of our preparedness to fight our industrial battles against the 
seasoned armies of other countries. They have for years and centuries turned to art to 
increase the value of their commercial products as well as to heighten pleasure in daily 
living. We have seemed to be doing next to nothing 
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The Art Digest says: 

1 This exhibition in a department store places industrial art precisely where it should 
be, where it will be seen by millions and desired by thousands. The beautiful, ingenious, 
esthetic, and modern style in which the exhibition is staged by Lee Simonson will in- 
tensify its significance as art. The objects installed come from different countries, but 
our own potteries and glass, weavings, metal work, etc., are shown on the same scale 
with others, and, if for the moment, we shuffle off our deep-rooted American mod- 
esty, and give one cheer for our own artists, it will not be at all amiss 

The exhibition shows us the extent of our aesthetic resources, in those industries 
into which art enters. If we close our eyes to the future possibilities thus indicated, 
we shall prove ourselves a somnolent people. 


Quoting The Art Digest again on ‘‘Fusion of Arts,’’ Milton B. Medary, 
Jr., president of the American Institute of Architects, at its 60th con- 
vention held at Washington, D. C., stressed the need of codperation 
between the architect, sculptor, painter, craftsman for the advancement 
of American architecture (the influence of the Institute is naturally 
felt by all builders). 


I have come to the firm conviction . . . . that no architecture ever has been created 
except it be a complete fusion of all the arts into a perfect harmony each dependent 
upon the other 

Mr. Medary declared 
In literature, in religion, in sculpture and painting, in music and the drama, as well as 
in architecture, the world is in revolt . . . . as in all revolts, we are passing through the 
extreme forms of complete repudiation, with all its crude accompaniments, called for 
want of a better word, by the name of jazz. 

In the same article and at the same Convention a gold medal was 
bestowed upon Frank G. Holmes,? designer and art director of the 
Lenox Pottery at Trenton, N. J. Mr. Holmes needs no introduction 
to members of the AMERICAN CERAMIC SOCIETY. 

The Art World Magazine of the Chicago Evening Post,’ gives this 
paragraph by Robert W. DeForest, president of the Metropolitan 
Museum of Art, New York: “‘Art-in-Trade.”’ 

In past times the art of the craftsman was only for the palace or the home of the rich. 
Now, thanks largely to mass production applied art can be for the humble home. Art-in- 
trade, once despised as a visionary ideal, now has, with the growing pace of our people, 
become a substantial and recognized source of profit. 

A brochure from The Society of Arts and Crafts, Detroit, announcing 
an Exhibition of “Swedish Contemporary Decorative Arts,’’ (May 17 
to June 18), says: 

The Swedish Exhibition expresses the age of machines and mass production in terms 
of beauty and intelligence. A new unity of purpose among artists, manufacturers, and 
merchants, under the auspices of the Swedish Association of Arts and Crafts has brought 
to the things of household life among the Swedish people a new decorative value. 


1 The Art Digest, 1 [14], 14 (1927). 
2 See Bull. Amer. Ceram. Soc., 6 [8], 246 (1927). 
3 May 17, 1927. 
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The quality of this decorativeness derives partly from the deeply democratic tradition 
in Northern peasant work of simple masses, clean line and clear color, touched with a gay 
gift of story-telling; partly from the remembered French influence of aristocratic re- 
finement and fitness in ornament, in the grand period of the eighteenth century. 

Sweden has resolved the conflict between art and industry; her beautiful glass, 
textiles, etc., for the household are giving to the world of every day a vital and imagi- 
native distinction. 


Richard F. Bach, Associate in Industrial Arts, Metropolitan Museum, 
in an article ““Museums and the Industrial World,” says: 


The Museum must in a sense go into trade—nothing less. It means that the museum 
must learn the difficulties as well as the processes of manufacture, the vagaries of distri- 
bution and selling, the long, uphili road of the designer, the problems of the manufacturer 
born with a conscience and daily stultifying it in the sordid pursuit of coddling prospects, 
and those of the dealer who was born without a conscience and finds that business is not 
worth the name without that essential element; it means that the museum must reach 
artist and artisan alike, the craftsman who gives the key and the quantity producer 
whose lathes and looms hum the burden. 


The Magazine of Art,' gives an article on ““The Community and Art.” 


The city of Dayton is known throughout the length and breadth of the country as a 
great industrial community. One can travel the countries of the world and be confronted 
at almost every step with the mechanical products emanating from our active life... . . 
Dayton is favorably known for its material deeds, and, yet, with all this reputation, we 
have been lacking, it seems, in the one great essential of life, and that is artistic culture. 

One department store asked Theodore H. Pond, director of the Art Institute, Dayton, 
to conduct one lecture a week throughout the coming year to executives, buyers, and 
heads of departments. The display men of the store are convinced that this is not 
enough for them, so they have arranged for an extra lecture each week at the Art In- 
stitute. Art Week will be a permanent thing in Dayton, and it will be fostered an- 
nually by the Chamber of Commerce. 


When one remembers also the impetus given the industrial arts by 
the International Exposition of Modern Decorative and Industrial 
Arts at Paris in 1925, and of its active influence in this country, we can 
say without fear of challenge that we are entering an era full of promise 
for those of us who live surrounded by the industrial arts and for the 
manufacturer who brings them within our reach. It is hopeful also 
for the designers who are the creators of more beauty, and who have 
had slow recognition of their value to industry. 

The next step in the line of progress, and a most important one, is 
the industrial art school, where the two elements, art and trade, will 
be taught to understand one another’s problems from the beginning. 
This also is under way, in one form or another, as was evidenced at the 
Annual Meeting of the Society last February. 


1 The Magazine of Art, 18 [5], 252 (1927). Proclamation of Mayor Allen C. McDonald 
when he officially ushered in Dayton’s first Art Week. 
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PAPERS AND DISCUSSIONS 


REPORT OF THE ENAMEL DIVISION COMMITTEE ON 
STANDARDS 1926-27! 


The program of the Committee on Standards, Enamel Division, as 
outlined in its Report for 1925-26? formed the basis for the work of 
1926-27. In addition to considerable correspondence on the part of 
the Committee members, and a meeting of the Committee in Washing- 
ton in June, 1926, a definite effort has been made to obtain additional 
information from the industry and several laboratory studies on 
methods of testing have been carried out. The current report embodies 
the results of these various activities. 

The Bureau of Standards has continued its investiga- 
tions on this subject and the results appear on the 
present program under the title ‘Controlling the 
Consistency of Enamel Slips.’’ The Committee has kept in touch 
with this work and has carried out certain tests in connection therewith. 
The general principles which have been definitely determined by at 
least two independent workers, and in some cases three, are as follows: 

The important properties of an enamel slip which determine its 
behavior on application to the ware are mobility and yield value. 
Mobility is a measure of the rate at which the slip drains off before 
setting while yield value is the determining factor in the amount that 
remains on setting. The consistency of a slip 


may be varied with regard to these two properties 
by several means: (a) The addition of water 
increases mobility and decreases yield value, f 
e 


1. Flotation of 
Enamels 


(b) The addition of salts makes no change in 
mobility but increases yield value, (c) An in- 
crease in temperature increases mobility with 
no change in yield value, (d) Increasing the clay 
content makes no change in mobility but in- 
creases the yield value, and (e) Increasing fine- = 
ness -of grinding causes a slight decrease in 
mobility and an increase in yield value. 
These points are illustrated graphically in Fig. 1, in which velocity 
of flow is plotted against force causing the flow. The line, o, indi- 
cates a given enamel. The slope of the graph shows the mobility. The 
force required to cause initial flow, indicated by YV, is the yield 


Velocity 


value. 


1 Presented at the Annual Meeting, AMERICAN Ceramic Society, Detroit, Mich., 
February 1927. (Enamel Division.) Received April 9, 1927. 
2 Bull. Amer. Ceram. Soc., 9 [5], 230-51 (1926). 
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The effect on the enamel, 0, of the several changes listed above is 
shown by the lines a to e. In a the yield value has decreased, the lower 
end of the line shifting to the left, and the mobility has increased, the 
slope of the line being steeper; in 6 the yield value has increased with 
no change in mobility; and so on through e. 

Two important references on the subject of plasticity that should be 
added to the Bibliography of the Report of 1925-26, Appendix A, are 


Henry Green and George Haslam, “The Relation of Yield Value to Particle Size,” 
Ind. Eng. Chem., 19, 53 (1927). 

Winslow H. Herschel and Ronald Bulkley, ‘Calibration of the Buret Consistometer,”’ 
Ind. Eng. Chem., 19, 134 (1927). 


The Committee feels that, so far as present knowledge goes, the 
application of the principles of plastic flow offers the most hopeful 
possibilities for understanding the application of enamels in the wet 
form. Further mention of this will be made in connection with the 
. subject of control tests. ; 

After a rather thorough consideration of this problem, 
it was decided that there were available no satisfactory 
means of studying the properties of enamel making up the characteristic 
known as opacity. It was considered as being largely a combination 
of ¢olor and reflecting power. One hopeful device known to be in use 
is a reflection gage used in determining the quality of enameled reflec- 
tors. A circular scale of graduated reflecting power contains a series 
of holes through which the surface to be gaged is viewed. The surface 
as seen through certain of the holes seems lighter than the adjacent 
portion of the scale, and darker as seen through other holes. At one 
particular hole thg difference between the scale and the surface being 
examined is at a emai The reflection factor of the surface is taken 
as the same as that of the scale at the hole making the closest check. 


2. Opacity 


The gage is marked in percentage of light reflected at the several holes. 
The Committee considered the advisability of 
compiling a set of methods of analysis for enamel 
raw materials as a revision of ‘““Methods of Analysis for Enamel and 
Enamel Raw Materials’’ by Landrum? but came to the conclusion that 
plants having analytical chemists would have available from other 
sources the necessary information in a fairly satisfactory form and that 
the efforts of the Committee at the present time could be along more 


3. Raw Materials 


useful lines. 

1 This device is made by the Electrical Testing Laboratories, 80th St. and East End 
Ave., New York City. The Committee suggests that members of the Division obtain 
these gages and investigate their utility. 

2 Trans, Amer. Ceram. Soc., 12, 144 (1910). 
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As to the relation between composition and the behavior of enamel 
raw materials, the Committee has nothing to offer further than that 
the work being carried on by the Bureau of Standards with regard to 
the action of various feldspars in pottery should afford interesting 
information that, in a way, may apply to enamels. Incidental to this 
work the Bureau has for distribution as Sample No. 70 a standard 
feldspar that will be of use to chemists interested in checking their 
analytical methods. The composition is 


12.6% 
Na:O 2.4 
SiO, 66.7 
Al,O; 18.1 
Fe,O; 0.03 
CaO 0.1 


It is suggested that the application of the principles of plastic flow 

may make possible a method for predetermining the fitness of clays for 
floating enamels. 
To increase the usefulness of the questionnaire 
on control tests summarized in the Report of 1925- 
26, Appendix D, the Division was further circularized under the date 
of Dec. 7, 1926. The results in the form of further information on tests 
previously reported and the suggestion of certain additional tests will 
be offered as Appendix D to appear later. 

For the determination of the strengths of acid and alkali baths, 
Tests 2 and 3, Report of 1925-26, Appendix D, the Committee con- 
cluded that the use of test capsules is a satisfactory method for plants 
not having laboratories and that where a chemist is employed he can 
figure out the details of titration methods that will best apply to the 
particular case at hand. Hence no effort has been made to standardize 
Test 3. 

Following the publication of the report of last year several requests 
for details of Test 5 for deformation temperature were received. It 
was decided to investigate this method with a view of standardizing it. 
The results are given as Appendix A of the present Report. The findings 
are sufficiently encouraging to warrant a definite recommendation 
with regard to the use of this test. 

An increasing realization of the importance of proper fineness has 
caused definite interest in the Fineness Tests 6 and 7, Appendix D, 
Report of 1925-26. The Committee undertook to determine the 
individual and relative merits of these tests and the results of the work 
are given as Appendix B of this Report. Test 6 is considered satis- 
factory for tentative use. 

Test 8 for controlling the set-up of enamel for dipping is in quite 
general use. The Committee feels that any test for this purpose must 


4. Control Tests 
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be coérdinated with the principles of plastic flow if the latter are 
correct. To this end preliminary steps have been taken to standardize 
the plate weighing method and to study its relation to plasticity 
determinations. The work has not been carried far enough to warrant 
any statements as yet. If this or any other routine test can be definitely 
lined up with plasticity, the test itself and the present theories of the 
behavior of slips will be vindicated thereby. 

The cross-bending test, No. 9 of the last year’s Report, is the only 

quantitative test for determining the strength of enamel that has 
been suggested, with the exception of the impact test in which the 
strength of the blow is known. It seemed to the Committee that the 
cross-bending test might be capable of standardization. The method 
as originally given was carefully studied and an improved machine 
constructed. The results of the use of this device are given as Appendix 
C of this Report. The problem is not far enough along to warrant a 
definite recommendation other than that the test be used as widely as 
possible as a means of obtaining more information with regard thereto. 
5. Additional Several other problems have been suggested to the 
Drohdeme Committee but nothing further than general discussion 
has taken place. They are (1) definition of terms used 
in the enameling industry, (2) methods of expressing enamel compo- 
sitions, and (3) terminology for expressing degree of action of acids on 
enamel surfaces. 
In view of the information at hand the Com- 
mittee recommends that the tests for Deforma- 
tion Temperature and Fineness (Sieve Method) be approved as 
tentative tests. The following are the forms in which they should be 
presented to the General Standards Committee. Additional details 
may be found in the Appendices to this Report. 


6. Recommendations 


Tentative Method for Deformation Temperature of Enamel 


This method is applicable to frits and milled enamel. 

A representative sample of frit or milled enamel 
shall be thoroughly dried and ground in a porcelain 
pebble mill to pass a 150-mesh sieve. 

The test pieces shall be the size and shape of pyro- 
metric cones; tetrahedra ~ inch along the edge of the 
base and 23 inches high. They shall be molded from a mixture of the 
powdered enamel and water with enough organic binder to produce the 
necessary plasticity and cohesion. The test pieces shall be thoroughly 
dried upon removal from the molds. 

The test pieces shall be mounted on a plaque of asbestos 
board or strip of sheet steel which has been coated with 


1. Preparation 
of Sample 


2. Test Pieces 


3. Mounting 
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enamel. The base of the test pieces shall be imbedded in a plastic 
mixture such as sand, clay, and water, and their troweled faces shall 
make an angle of 75° with the plaque. Two test pieces from the same 
sample shall be placed on a given plaque in such a manner as to face 
in the same direction and permit the end of the thermocouple being 
between the tips of the test pieces without being touched thereby during 
deformation. The mounting shall be thoroughly dried before being 
placed in the furnace. 

The furnace shall be one which shall give a definitely 
oxidizing atmosphere. It shall be subject to accurate 
temperature control through the range 800—1600°F. It shall be equipped 
with a pyrometer the thermocouple of which shall terminate near the 
center of the horizontal plane of the furnace and one inch or farther 
below the top. The pyrometer shall be of such type as to afford an 
accuracy of +5°F, with proper corrections for cold end temperature.' 
The mounting shall be placed in the furnace in 
such a manner that the tips of the test pieces 
shall be 4 inch above the center of the thermo- 
couple and horizontally equidistant therefrom. 

The furnace shall be at or below 800°F when the 
test pieces are placed therein. The rate of heating 
shall be the following: 


4. Furnace 


5. Placing of Test 
Pieces in Furnace 


6. Rate of Heating 


Start 800°F 
10 min. 1020 
1150 
1260 
40 1370 


Each test piece shall be observed separately with 
reference to the temperature of initial bending of 
the tip and final bending of the tip to the level of the base. The first 
observations shall be averaged as the “‘starting temperature’ and the 
final as the ‘deformation temperature.’’ The difference between the 
two shall be taken as the ‘“‘deformation range.’’. Two or more closely 
checking runs shall be averaged for final results. 


7. Observations 


Tentative Method for Fineness of Wet Milled Enamel 
The enamel to be tested shall be thoroughly stirred to 
produce uniformity. A 100-gram sample shall be weighed. 
A No. 40 sieve shall be piaced above a No. 200 sieve. 
The numbers refer to the Standard Screen Scale and 
correspond approximately to the number of meshes per linear inch. The 
actual sieve openings are .0166 and .0029 inch respectively. 


1. Sample 


2. Sieves 


1 Later consideration by the Committee resulted in a suggestion that the accuracy 
be stated as ‘‘ + 10°F.” 
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The weighed sample shall be poured onto the upper sieve 
and carefully washed through the two sieves with water 
until no enamel can be detected in the washings. Nothing other than 
coarse, unground particles shall be retained on the upper sieve which 
serves as a protection for the under sieve. The lower sieve with its 
residue shall be thoroughly dried until the residue thereon easily moves 
about as a dry powder when the sieve is shaken. The sieve shall be 
gently tapped until no more dry powder passes through. 

The residue shall be transferred to a balance and 
weighed to the nearest 0.1 gram. The weight thus 
determined shall be taken as the index of fineness of the enamel. 
Respectfully submitted, 


E. P. Poste, Chairman 
R. D. Cooke 

W. N. Harrison 

B. A. Rice 


3. Testing 


4. Weighing 


Appendix A 


Accuracy of the Cone Deformation Temperature Test 
as Applied to Enamels 


Test 5 

A sample of the frit or enamel to be tested is ground to pass a fine 
screen and molded into cones of standard dimensions using water with 
a binder such as dextrin. After drying, the cones are mounted in a 
slightly inclined position on plaques and placed in a furnace the 
temperature of which is slowly raised at a standard rate. The tem- 
perature at which the tips of the cones come level with the base is 
taken as the deformation temperature. 

This general method of testing the deformation characteristics of 
ceramic materials is in common use. Its application to enamel seems 
to have. been very limited however. Some claim that it is only of 
use as a comparative laboratory test while others think it of value as a 
matter of shop control. If it cannot be standardized so as to give results 
that can be taken as.definitely quantitative, its use is undoubtedly 
limited as suggested above. But if the test can be so standardized that 
parties using different equipment can duplicate results on a given 
material the test should be of value as a means of control as well as 
research. 

There are certain points that should be kept well in mind in consider- 
ing this method of testing. As has been brought out in the study of the 


9 


behavior of pyrometric cones,” the rate of heating through the deforma- 
1 The impossibility of an absolutely accurate end point is realized. It is suggested 
that the screen be tapped until less than 0.1 gram passes through on a minute's tapping. 


2 C. O. Fairchild and M. F. Peters, ‘Characteristics of Pyrometric Cones,” Jour. 
Amer. Ceram. Soc., 9 [11], 723 (1926). 
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tion range must be duplicated if the results are to be comparable. If 
the rate of heating is fast the results will be high, if slow they will be 
low. The deformation of enamel is a function of time and temperature. 
This relation must be controlled for accurate results. As to the utility 
of the deformation temperature determined in this manner, there are 
several factors. Certainly a given formula, properly mixed and smelted, 
should have uniform deformation characteristics. If the test is accurate 
the results should indicate whether or not the frit as smelted has a 
uniform softening behavior. The temperature interval between first 
deformation of the tip of the cone and the final cone-down position 
should have some relation to the range of fusibility of the enamel. 
Though the deformation temperature of the milled enamel as deter- 
mined will be lower than the proper firing temperature there should be 
a definite relation between the two. 

Any test to be of real value must be capable of definite check. It 
is possible to know that a given pyrometer is correct and that a given 
time-temperature curve is being produced at the end of the thermo- 
couple. But it is necessary to know more in this case. Other factors 
might influence the indicated results. A means of check is the use of 
commercial pyrometric cones the deformation behavior of which, 
under the conditions of the test, has been determined. Failure to 
check the correct figures for the cones would indicate an error. As a 
further step, a given sample of so-called ‘‘standard frit’’ can be tested 
repeatedly under conditions known to be correct. The deformation 
data for this frit being thus known, cones of this material can be used 
later as a test medium. 

With the above considerations as a background, the Committee 

has attempted to determine the accuracy of the deformation test. 
A considerable quantity of frit was prepared at a central point and 
distributed to the several members of the Committee. A supply of 
016, 018, and 020 pyrometric cones was likewise distributed. Instruc- 
tions for carrying out the tests were issued as follows: 
If the enamel to be tested is in the form of a frit, © 
dry a 100-gram sample and grind it in a laboratory 
pebble mill till it passes a 150-mesh screen. If the 
enamel is in the form of wet-milled enamel, dry a 150-gram sample and 
grind to pass a 150-mesh screen. 

Prepare a binder by adding 140 cc of water to a mixture of 30 grams 
of dextrin and 15 grams of flour. Heat just below boiling for two or 
three hours till a jelly is formed. To prevent spoiling, a few drops of 
phenol or bichloride of mercury solution should be added with the water. 

To about 30 grams of the powdered enamel add a small amount of 
the binder and enough water to make a thick putty. The amount of 


Preparation of 
Test Cones 
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binder will be indicated on experience. If too little is used the putty 
will not stick together while being molded; if too much is used the cone 
will swell and turn black and porous on deformation. It has been found 
in practice that amounts of one-half to two grams prove satisfactory. 
poe By the use of metal cone molds, form the 


a above putty into triangular cones 3 inch on a 
| side at the base and 2.5 inches high. Sprinkle on 
rt a glass plate a thin layer of the dry powder from 
which the cones have been molded and place the 

& 1000 fresh cones thereon. Dry them thoroughly. 
we. . Convenient bases for mounting 
pe Test C cones are pieces of asbestos board 

(4) 40 20 30 40 est ones 


2 by 4 inches, or strips of sheet iron 


, ; ‘ of the same size, which have been given a ground 
F 1G. 2a.—Specified time- 


coat. 
As a plastic material in which to set the cones 


a mixture of sand, clay, and water is satisfactory. It should be of such 
proportions as not to be sticky and still be firm enough to hold the cones 
in place while the mounting is being dried. 

By means of the plastic mounting mixture mount the cones on the 
asbestos or steel plates at an angle of about 15° from the vertical, with 
a flat side of the cone toward the plate. 

Thoroughly dry the mounting before placing in the furnace. 

The requirements are that the furnace be of such 
dimensions as to allow placing the cones as stated later; 
that the furnace chamber be neutral or oxidiz- 


Minutes 


Test Furnace 


ing; that it be reasonably even in temperature 
distribution; and that the rate of heating be OE 
under control so as to make possible the time- 


temperature curve given later. 
Electric laboratory furnaces of the Hoskins or 
Multiple Unit type have been found very satis- 
factory. A gas-fired muffle should be satisfactory 
if the necessary heating control can be realized. : pean 
t th th Fic. 2b.—Record of 
n order to allow the proper placing o 
cones in the furnace the muffle must be at A-left cone starts, 175° 
least 4 inches high inside. B-right conestarts,1190° 


Cleft mn, 1300° 
In the back of the furnace there should be p fahteesdoes iss" 


Degrees F 


%© 


a hole for the insertion of the pyrometer thermo- Average start, 1183°: 
couple, and in the front a peep-hole for observing average down, 1313°. 
the cones under the test. Deformation tempera- 
The essential specification for the pyrometer ‘U® 1513"; deformation 

range, 130°. 


is that it be sensitive and accurate in terms of 
the type of instrument used for the controlling of commercial enamel- 
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ing furnace temperatures. A portable base metal thermocouple is good. 
Place the mounted cones in the furnace about one-half 
way from front to back in the position shown in the 
sketches (Fig. 3). With the center of the thermocouple 
one inch below and the tips of the cones about one-half inch below the 
top of the muffle, heating conditions should be uniform from run to 
run. The initial temperature of 
the furnace should be well below 
the initial softening point of any 
enamel and 800°F has been 
adopted as standard. 
Control the heating > 


Placing Cones 
in Furnace 


Peephole 


= 


Heating of the furnace in such 


YG 
amannerastoclosely 
approximate the time-tempera- 


ture curve in Fig. 2a. Uniform 


results depend particularly upon 
the rate of heating immediately 
below and through the range of deformation. 

The cones are observed through a peep-hole in the front 
of the furnace. (Fig. 3.) The temperature-interval 
from first deformation of the tip to the final cone-down position is 
taken as the deformation range and the temperature at which the cone 
comes down, as the deformation temperature. The cones are observed 
separately and the average of the figures for the two cones taken as the 
results of the test. 

If the pyrometer in use is not compensated, a thermometer should be 
placed with the bulb at the cold junction of the thermocouple and the 
zero setting of the indicator set for the cold end temperature at the 
time that the cones come to cone-down position. 

It is convenient to plot the time-temperature curve during each test 
and indicate the results as noted in Fig. 2b. 

The results of the tests by the members of the Committee were 
submitted to the chairman. In addition to the numerical data, typical 
time-temperature curves were furnished by each person. 


Fic. 3.—Location of cones in furnace. 


Observations 


The equipment used was reported as follows: 


A—Hoskins electric furnace 
Brown portable pyrometer 
Platinum-platinim-rhodium thermocouple 
Cold junction temperature determined by thermometer and indicator set accord- 


ingly 
B-—Hoskins electric furnace C—Multiple-unit electric furnace 
Leeds & Northrup portable potentiometer Leeds & Northrup potentiometer 
Chromel-alumel thermocouple Alumel-chromel thermocouple 


Automatic control for cold junction Compensated lead wires 
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The time-temperature curve submitted as a basis for the tests was 
attempted in the several cases. The following table gives the time- 
temperature data submitted in the reports. 


0 minutes 800°F 800°F 800°F 800°F 
1020 1005 1025 1020 
20 1150 1220 1195 1160 
30 1260 1385 1325 xx 
40 1370 1500 1470 xx 


The comparison between the specified and the average curves 
obtained can best be appreciated by means of Fig. 4. ‘In all cases the 
rate of heating as shown was higher than the specified. In certain 
individual runs there were marked deviations from the averages given 
above. In many cases the rate of heating through the deformation 
range is far enough from uniform to render questionable the results 
to be expected. The average values for deformation range and tem- 
perature reported by the several parties are below. In many cases the 
variation from the average for a given party is +5°, in most cases not 
over 10, and in a few extreme cases 15. 


Party Frit Cone 016 Cone 018 Cone 020 
7 R R T R 
A 74° 1220° 62° 1483° 43° 1370° 36° 1243° 
B 113 1220 30 1478 41 1353 40 1219 
C 100 1240 37 1535 43 1367 37 1227 
Average 
All 96 1227 43 1499 42 1363 38 1230 
Best checks 107 1220 34 1480 43 1368 39 1223 
Maximum difference 
between extremes 39 20 32 57 2 17 4 24 
Rated deformation 
temperatures of 
pyrometric cones 1418 1310 1202 


R= Deformation Range 
T= Temperature 


In every case two of the deformation figures for a given cone check to 
within 10°. And this check is not always between the same two parties; 
for the frit it is A and B; for 018 A and C; for 016 A and B; and for 
020 B and C. This would suggest errors in manipulation in specific 
cases rather than general deviations for a given party, although it must 
be remembered that the reported results are the average of several 
determinations by each party, and further that the individual deter- 
minations for each party checked within 15° in all cases, usually closer. 

-In the lowest line of the tabulation the rated deformation tempera- 
tures of the several cones are given. It will be noted that the results of 
the present tests are higher in each case, the difference being greater 
for the cones of higher deformation temperature. This is as would be 
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expected with the high rates of heating used in the test as compared 
with the rates of heating in firing ceramic bodies for which the cones 
are designed. 

As to deformation range the results for cones 018 and 020 check re- 
markably well while with the frit and cone 016 Band C check reasonably 
well. It would seem that there must have been a definite tendency 
toward error in observation by A in this regard. It is interesting to 
note the greater deformation range of the frit as compared with the 
pyrometric cones. 


Based on “‘best checks’’ deforma- a | vA 
tion temperatures on the four samples 1400 — a an 
agree within + 5°;deformation ranges | e--<| 
agree within closer limits except for 
the frit. In view of lack of uniformity De 
in the rate of heating these results uf | y 
are all that could be expected. The 
tests may be taken to indicate that © 

with a reasonably uniform rate of ° L 
heating, results checking within at 
least +10° can be expected. 

Notes on Making of Cones 300}— 

The Committee is indebted to The ’ i = 
Standard Pyrometric Cone Company soot = = va 
for drawings of single cone molds and Minutes 
valuable suggestions for the making Fic. 4. 


of single cones. The mold shown in 
the first two drawings is of steel and is accurate in terms of the com- 
mercial practice of that Company. (See Figs. 5 and 6.) As a means of 
making a small quantity of cones from a much cheaper mold, it is 
suggested that a _ pattern 
Sones maker cut out a like mold 
from hard wood, making it 
in two halves by splitting 
along the center line of the 


Single Mold for Producing Standard Pyrometric C 


Slot 


R Ay 


Center line of cone 


B A> 
End View ot AA 


Vertical Section ot B-B 


Fie. 5. 


drawing. The outer sides 
should be tapered slightly 
toward the point of the 


cone. This split mold is held 
in place on a wooden base which has two wood strips placed tapering to 
correspond to the taper of the outside of the two halves of the mold. 


UYY 
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The split mold is pushed in between these strips till they bind. After 
the cone is formed the mold is tapped gently to loosen from the guides 
and one-half is slipped away from the other, leaving the cone thereon. 

Another method which has been used successfully by a member of the 
Committee is shown in the third sketch. A piece of 24-gage steel is 
cut into the shape indicated in the upper portion of the drawing. (See 
Fig. 7.) It is bent along the center line until the sides are at an angle of 
60° as shown in heavy lines in the lower figure. A strip of paper 2.5 
inches wide indicated by broken lines is fitted into the mold, bent over 
the edges and held together at points marked A-A. While so held the 
paper-lined mold is filled with the mixture and, after’ smoothing off, 
the cone is removed on the paper. 


Appendix B 


Comparative Study of Sieve and Settling Tests for Fineness 
of Milled Enamel 


Test 6 


The residue retained on a 200-mesh sieve after washing a 100-gram 
sample of milled enamel through the sieve is taken as the fineness. 
This sieve is protected with a 
coarser sieve above to pre- 
vent the passage of large 
particles to the 200-mesh 
sieve. Such particles may 
gain entrance to the sample 
from around the manhole or 
from other places in the mill 
that may be removed from 
the action of the pebbles. 

Fic. 6. After thoroughly washing the 

sample through the screens 

the 200-mesh is dried till the residue easily moves around the screen as a 

dry powder. The screen is gently shaken till no more dry powder passes 

through. The final residue is removed to a scale pan and weighed to the 

nearest tenth of a gram. The upper sieve is chosen in terms of the fine- 

ness of grinding being used; for the usual practice a 60-mesh screen will 

be satisfactory. If particles other than ungreund pieces are retained on 
a 60-mesh a 40-mesh sieve should be used. 


Test 7 


A recent statement of this test by the originator is as follows: 


Fifty grams of the enamel which is to be tested are weighed and washed into a 100 cc 
glass-stoppered graduated cylinder. One cubic centimeter of 50% sodium silicate solu- 


. 
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tion is added and the whole diluted to 100 cc with distilled water. The tube is shaken 
thoroughly and set down on its base and after exactly one minute the depth of frit layer 
at the bottom of the tube is read on the graduation and constitutes an index of the 
fineness of the enamel. Naturally the finer enamel will have a lower reading. The object 
of the sodium silicate is to deflocculate the clay. The temperature should be within the 
range of 65° to 75°, although small differences in temperature do not affect the results. 
. The dimensions of the cylinder are not specified, but any commercial 100 cc cylinder will 
do. 

In a later communication with reference to the strength of the 
sodium silicate solution it was stated that a 1 to 1 solution of commercia 
sodium silicate of so-called ‘‘adhesive’’ grade was used. 

Test 6 has had more or less general use in the 
enameling industry and has apparently been con- 
sidered by many as a satisfactory means of con- 
trolling fineness. The fact that Test 7 has been 
suggested as a substitute indicates that there may be 
some shortcomings with Test 6 that are overcome in 
Test 7. So far as known the latter test has not had as 
general use as the former. A criticism of the principle 
involved in Test 6 which has been reported to the 
Standards Committee is that to judge the fineness of 
the enamel as a whole by a relatively small amount 
retained on a sieve is wrong. The original sample aie 
weighs 100 grams and the residue on 200-mesh from ' j 
5 to 10 grams as an approximate range. So small an 
amount of the total cannot be taken as indicative of 
the average fineness of the sample as a whole. In 
addition to this fundamental criticism it has been Fic. 7. 
stated that the test requires too much apparatus to 
dry and weigh the residue; that the test is too complicated for practical 
use and that it is too slow, too long a time being required from the taking 
of the sample to the obtaining of the result. As against these criticisms 
Test 7 has been set forth as involving no fundamental error in principle, 
the amount of settling under standard conditions assuring an accurate 
indication of fineness of the sample as a whole. The apparatus required 
is simple and inexpensive and the test can be run by unskilled help with 
speed and accuracy. 

The present work of the Committee has not covered all of the ele- 
ments involved in the comparison of these tests but has thrown light on 
certain of the more important factors. Some thought has been given to 
the several statements above and considerable experimental work has 
been done. 

It is possible that the first criticism of Test 6 is somewhat less serious 
than at first appearance. Assuming 30% moisture in the enamel as it 
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leaves the mill, the solids are 70% of the total. A certain amount of the 
solids are not frit and were introduced at a fineness on the order of that 
to be produced in the batch as a whole. Assume such materials to be 
10% of the total. The remainder, 60%, represents the frit the fineness 
of which is to be determined. If the residue, the weight of which is to be 
taken as definitely related to the fineness of the enamel as a whole, repre- 
sents from 5 to 10% of the weight of the sample it represents from 8.3 
to 16.6% of the weight of the frit, the fineness of which is being judged. 
Thus the possible seriousness of the first criticism is somewhat re- 
duced. 

As to the complexity and slowness of the sieve test, with a reasonable 
amount of practice a mill room foreman can quite accurately judge the 
fineness of the sample of a given enamel by inspection of the wet residue 
after all the fines have been washed through the screen. Final weighing 
of the residues checks the judgment of the man and prevents getting 
far off the desired fineness. 

The simplicity and speed of the settling test are obvious. For sheet- 
iron ground coats and other dark colored enamels the method has 
apparently proved very satisfactory. Considerable difficulty has been 
encountered in connection with white and light colored enamels. 

The screen test has the advantage of being definitely quantitative 
while the volume read in the settling test depends upon keeping the 
time and possibly other factors constant and will vary with the gravity 
of the frit and mill additions involved. 

The experimental work that has been done has been along three 
lines; a study of the sieve test, a similar investigation of the settling test, 
and a coérdination of the two. 

The most serious criticism of the sieve test was that too 
Sieve Test small an amount of the total solids was involved in the 
determination. To throw light on this it was concluded 
that a method which would prove that the residue on a 200-mesh screen 
was an index of the fineness of a considerable amount of material passing 
200-mesh would be of value. A comparison between the amounts re- 
maining-on a 200- and a 325-mesh screen was made. The screens used 
were Standard 8-inch sieves. The openings in these screens are given as 
0.0029 inch and 0.0017 inch respectively. The tests were made by 
putting the several samples through a stack of three screens: 60-, 200-, 
and 325-mesh. The 60-mesh served as a protection against unground 
particles. The residues on the two other screens were dried and weighed. 
The results were expressed in the amount retained on the 200-mesh and 
the sum of the amounts on the 200- and 325-mesh, a figure equivalent to 
that which would have resulted from the use of the 325-mesh alone. 
Determinations were made on a large number of commercial batches of 
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enamel at various stages of grinding. Typical results are tabulated. 
Those given were chosen to cover the entire range of fineness. 


SrevE Test DATA 


Enamel 200-mesh 

( 1.2¢ 
Sheet-iron | 5.9 
ground coat | 
15.4 
1.9 
4.7 
Sheet-iron white 
11.1 
12.1 
\ 15.9 
2.1 
Cast-iron colors 7s 
\ 10.2 


200-+325-mesh Per cent of solids 


in enamel 


10.2g 17 
17.9 30 
23.6 39 
27.3 46 
29.4 49 
11.7 20 
16.7 28 
19.3 32 
21.0 35 
23.0 38 
25.6 43 
27.1 45 
31.1 52 
12.8 21 
17.8 30 
18.4 31 
22.9 38 


The last column indicates the per cent of total amount of frit repre- 
sented by the combined residues, on the assumption made in the 


preliminary discussion. 


If there is a definite relation between the residues retained on the 


200-mesh screen and the figures 
which represent the 325-mesh 
residues, it is safe to assume that 
the residue. on the 325-mesh 
screen is in turn related to the 
general nature of the fineness of 
the solids passing the 325-mesh. 
If such a relation exists it may 
be concluded that the residue on 
the 200-mesh screen is an index 
of the fineness of the sample as 
a whole. 

To detect such a relation be- 
tween the data, Fig. 8 has been 


200 Mesh - Grams 


~ 


/0 
$. 1. GROUND +— 
/0 20 25 30 
325 Mesh- Grams 
Fic. 8. 


plotted showing the residue on the 200-mesh screen compared with 
that which would have been retained on the 325-mesh had it been used 


alone. 


It will be noted that each enamel gives a reasonably smooth 


curve and that the several enamels as a whole fall definitely into line. 

These facts would suggest that the use of the 200-mesh screen as 
specified in the test is a safe means of judging the fineness of the enamel 
as a whole. 


| 
| 
| 
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The chief advantage stated for the settling test is 
that a relatively large amount of the total solids is 
involved in the amount settling within one minute. This suggested a 
series of tests to determine what amount of the total solids settle within 
one minute. To this end a batch of ground coat was tested at two 
different stages of grinding in accordance with the specifications given 
and the relation of time to amount of settling noted. The data obtained 
are the following: 


Study of Settling Test 


Amount of Sediment 


Time of Settling A 
1 minute 16 cc 11 cc 
20 16 
22 18 
24 hours 29 x 


The curves in Fig. 9 show the results graphically. In this case the 
volume of the sediment after one minute was on the order of one-half 
the total volume at the end of 24 hours. The enamel tested was, in both 
cases, somewhat coarser than would 
obtain commercially, therefore the 
| af volume of the sediment was some- 
— what larger than would be expected 
een as arule. In other tests the volume 
has ranged between 5 and 10 cc for 
commercial fineness. The sediment 
at the end of one minute is far enough 
from the final amount to eliminate 

Nites any serious error from getting toward 

Fic. 9. the less sloping end of the curve. 

Preliminary use of the tests with 

light colored enamels was characterized by difficulty in seeing the line 

of demarcation between sediment and suspension. This point was 

discussed with the originator who stated that the use of some coloring 

matter such as phenolphthalein would help. Several were tried in- 

cluding the above and potassium permanganate. The use of phenol- 

phthalein in whites made the line accurately readable in a good light. 

The permanganate solution gave about the same relief but the trouble 
was far from eliminated with any of the coloring agents used. 

Preliminary observations were made regarding variations in the 
amount of sodium silicate solution added. The use of the specified 
1 cc or more seemed to give uniform results. How much less could be 
used was not determined. 

The test needs further study with reference to the use of a coloring 
agent for light colored enamels, relation between amount of sodium 
silicate and previous condition of enamel as regards ‘“‘setting up,’’ and 
several other factors. 


3 


Sediment in CC. 


~ 


24 hours--? 
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If both of these tests involve correct principles 
there should be a definite relation between the 
two as shown by fineness determinations on the 
same enamels. As a preliminary step along this line samples from 
various grinds of ground coat were tested by both methods. A wide 
range of fineness was covered. 


Comparison of Sieve 
and Settling Tests 


Sample Sediment Residue on 200-mesh 
A 60 0.2g 

B 4.0 1.6 

8.0 

D 10.5 10.6 

E 11.5 12.3 

F 14.0 15.0 

G 16.0 18.5 


In Fig. 10 the relation between these two sets of figures is brought 
out. There are certain irregularities in- 


volved but the results are sufficiently con- “pom THe 
sistent to establish the fact that there isa 
. 1 vel 
definite relation between the fineness as 
c + + + T > 
determined by the two methods. 2 HA Coo 
ts 
As a check on this preliminary test, three 3 rae Coo 
experimental grinds were made in a small 
commercial mill, including sheet iron ground 


and white and a cast iron gray enamel. De- Fic. 10. 
termination of the residue retained on 200- 

and 325-mesh screens and a settling test were made at each degree of 
fineness. The data obtained were: 


Enamel Sample Sediment Residue on Screens 
200-mesh 200-+325-mesh 
A 13cc 19.6g 29.2g 
B 12 12.9 24.3 
Sheet-iron . 11 10.5 22.7 
ground D 9 8.0 19.8 
E 8 4.5 16.0 
F 7 3.3 17.2 
( A 12.5 16.5 26.3 
B 11 13.1 24.3 
Shettiron white 10 10.2 23.2 
E 6.5 2.8 15.7 
F 5.5 1.8 12.6 
( A 17 25.0 36.2 
] B 13 18.5 31.0 
Cast-iron gray Cc 11 7.9 21.9 
D 10 6.0 20.4 
E 8.5 2.9 13.9 


The relation between the sediment and the residue on the 200-mesh is 
shown in Fig. 11a and the similar relation for the 200- plus 325-mesh 
in Fig. 11b. While there are obviously certain experimental errors, 
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curves for the several enamels can be drawn as shown with reasonable 
accuracy. The results confirm the conclusion drawn with reference 
to the first run indicated in Fig. 10. 

The comparative study herein recorded has suggested 
several conclusions which may be summarized as follows: 
(1) For a given enamel the amount of residue retained on the 200- 
mesh screen bears a definite rela- 
tion to the amount retained on 
the 325-mesh screen when used 
alone. (Fig. 8.) The lack of 
similarity between the curves for 


Conclusions 


Sediment in CC 


the three enamels suggests that 
200 Mesh - Grams the relation between the 200- 
Fic. 11a. and 325-mesh residues might 


vary from one enamel jto another. 

(2) If conclusion (1) is correct it may be further stated that the same 
reasoning would hold for the next step in increasing fineness, and if so, 
that the residue retained on the 200-mesh screen is an index of the 
fineness of the batch as a whole. 

(3) The amount of settling in one minute is a small enough part of the 
total sediment to eliminate any serious error of the type which would 
exist were the sediment in one minute close — 
to the total amount in the test jar. (Fig. 9.) / 

(4) There is a definite relation between 
the amount of sediment in the settling test 
and the residue retained on a screen in the 
screen test. (Figs. 10 and 11.) 

(5) The relation indicated in conclusion (4) “5 20 25 30 
may not be the same for different enamels re ee 
ground in the same mill or the same enamel Fic. 110. 
ground in different mills. 

(6) The use of either test on a given enamel under the same milling 
conditions should give a reasonably accurate index of fineness; certainly 
when the indicated reading for sediment or residue is the same the fine- 
ness of the batch of enamel as a whole is the same, with due allowance 
for experimental error. It is possible that a given index of fineness 
would not mean the same fineness of the batch as a whole for different 
enamels, possibly not for the same enamel ground under different 


T T 


Sediment in Cc. 


conditions. 

With reference to the settling test, further work should be done to 
determine the effect of varying amounts of sodium silicate and the 
relation to other electrolytes present. It is also desirable to eliminate the 
difficulty of reading the test with light colored enamels. 
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Appendix C 


Investigation of the Lindemann-Danielson Cross-Bending 
Test for Sheet-Iron Enamel 


Test 9 


This test is fully outlined by the originators.! Essentially it involves 
the deflection of several test pieces through the same distance by 
advancing a centrally located load by means of an eccentric. Equal 
angular movements of the shaft on which.the eccentric is mounted are 
made possible by the use of a ratchet. The movement of the load is 
recorded in the number of notches on the ratchet. The deflection in 
notches required to produce first cracking of the enamel is taken as an 
index of its resistance to cross-bending. The originators give a typical 
set of data but do not suggest a given rate of applying the load. They 
give from 4 to 9 notches equivalent to a deflection of from ,3, to ;% inch, 
as a range through which failure occurred in the tests reported. 

So far as the Committee has learned no further information on this 
method of testing has appeared but it is understood that continued use 
of the machine proved it to be very valuable. The possible stan- 
dardization of the method seemed to be worth investigation. 

In studying the test as reported certain shortcomings were noted. In 
the first place the advance of the load was not directly proportional to 
the number of notches of rotation of the shaft. Advancing through the 
same given range of notches would produce the same deflection, to be 
sure. But the same number of notches at a different position of the 
eccentric would not produce the same deflection. Further, test pieces 
would be warped to a different degree in preparation and would take 
load at different positions of the machine. If so, the deflection would not 
be uniform for a given number of notches from the starting point. 

To overcome these points a machine was so built as to make possible a 
uniform travel of the load for a given rotation of the shaft. This was 
accomplished by substituting uniformly accelerating cams for the 
eccentrics of the Lindemann-Danielson machine. A pointer on the 
shaft and a graduated dial were substituted for the ratchet as a means 
of measuring the deflection. The graduations are such that a rotation 
of one unit on the dial produces an advance of roo inch. A brake 
attached to the other end of the shaft holds the device firmly at a 
given position. By carefully advancing the load at first, the starting 
point of each test piece can be noted separately. This reading taken 
from that at first cracking gives the desired index of resistance to cross- 
bending. 


1 Jour. Amer. Ceram. Soc., 8 [12], 795 (1925). 
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The first point investigated was the effect of the rate of the applica- 
tion of the load. Two sets of samples were prepared using strips of metal 
2 inches wide by 14 inches long. One half of the lot was enameled with 
one formula, the other half with another. In each case two coats were 
applied to the ground. Each enamel was processed separately in the 
firing. It was hoped thus to have two sets of samples with different 
properties. For convenience the two enamels will be treated as A 
and B. 

Four separate runs were made, three samples of each enamel being 
included in each run. The unit of advance of load was 0.05 inch. The 
data under various rates of deflection are tabulated. 


Run Interval pow Deflection to 
I 5 minutes 0.363 inch 0.350 inch 
II 10 .315 
III .310 .285 
IV 23 hours (total) .307 .270 


In Run IV the load was advanced 0.05 inch at irregular intervals, 
the entire test lasting 23 hours. 

The significant conclusions from this preliminary test are that in 
each run A stood more deflection than B and that the deflection re- 
quired to produce first cracking decreased with the increase of the rate 
of application of the load. These facts suggest that the test has merit in 
differentiating between two enamels and that the rate of deflection has 
an important bearing on the quantitative results. 

It is possible that it might be desired to determine the resistance to 
cross-bending at different rates. No one rate can be thought of as 
definitely better than another. There would be considerable advantage 
in making a relatively rapid test. In any case a statement of the unit 
of advance and the interval between advances should make possible 
the duplication of the test. The important thing to learn seemed to be 
whether, on a given enamel, duplicate results could be obtained under 
given conditions of testing. To this end considerable work has been 
done. 

For studying the test with particular reference to the possibility of 
duplicating results on a given enamel, the unit of advance was taken 
at 0.01 inch and the interval of time at one minute. In each test six 
samples were used, three of enamel A and three of B, placed alternately 
in the machine. The initial reading for each strip was carefully noted 
and after the last one had taken load, progressive advance of load at 
the above rate was started. The appearance of the first crack as 
revealed by rubbing oily waste over the center of the specimen was 
taken as failure. A typical test log is given to further illustrate the 
method. 
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Run V Rateof Deflection 0.01 inch per minute 
Samples Enamels > 
Operator E. P. P. 
Time Reading 1 2 3 4 5 6 Remarks 
40 x 
41 x The range over which 
44 x the samples took load 
47 x was 0.11in. 
48 x 
0 51 x 
1 52 
2 53 
21 72 
22 73 
23 74 x 
24 75 
25 76 x 
26 77 
27 78 
28 79 
29 80 x 
30 81 
31 82 
32 83 
33 84 
34 85 
35 86 
36 87 x 
37 88 
38 89 x x 
Enamel A 1:76-41 35 


3:74-40 34 Average 0.35 in. 
5:80—-44 36 


B 2:87-48 39 
4:89-47 42 Average0.40in. 
6:89-51 38 


In like manner several runs were made by two operators that personal 
errors might be eliminated. 
The entire data obtained are: 


Average Results 


Run Operator Rate of Deflection A B Remarks 

(inch) (inch) (inch) 
V E.P.P. 0.01 in. per minute 0.35 0.40 Range 0.11 
VI C. W. G. 0.35 0.39 0.09 
IX C. W. G. 0.29 0.36 0.05 

Average 0.33 0.39 


As in Runs I-IV the test has in every case served to show that 
Enamel A is more resistant to deflection than is Enamel B. But the 
results from run to run are not as good a check as they should be to 
make possible the use of the method for quantitative interpre- 
tation. 

Several factors may be involved in the discrepancies. Possibly 
the method of starting should be different; the uniform advance of the 
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load should start with the initial deflection of the first instead of the 
last specimen. It may be that the two enamels tested are so close in 
their properties that they fall within the natural limits of error of the 
test. It is possible that the test pieces used in this case involved an 
excessive amount of warpage producing irregular results. But it seems 
that there must have been some variable in the details of the individual 
runs; if not, the relation between the two 
enamels would not have held so consistently 
throughout. More work must be done to 
determine the usefulness of the scheme. 


Notes on Construction of Machine 

The essential modifications of the Linde- 
mann-Danielson machine are made plain 
| in the accompanying photographs. The 

Fic. 12. front view shows the graduated dial reading 

in hundredths of an inch. The rear view 

shows the friction stop by means of which 

the cams are held in a given position until 

further advanced or released by tripping 

the lever at the top of the stop. In both 

views the position of the cams is clear. (See ™ 
Figs. 12 and 13.) 

The method of laying out the uniformly 
accelerating cam is shown in Fig. 14. The | 
cam is made from a piece of }-inch plate Fic. 13. 
fastened to a collar 1} inches in diameter, 
which is mounted on a shaft ? inch in diameter. Radii are drawn 
in three quadrants, making divisions 
of 22.5°. The starting point of the 
cam is at the circumference of 
the 14-inch collar. At the first 
radius the distance from the collar 
is } inch, at the second 3 inch, and 
so on through 270°. Thus, rotation 
of the shaft through 270° advances 
the cam 3 inches. By dividing 270° 
on the scale of the machine into 
thirty main divisions each repre- 
sents a travel of 0.1 inch; subdividing 
these divisions into ten each gives for the smallest division a travel of 
0.01 inch. 


(Appendix D of this Report will be published later in this Bulletin.) 


Fic. 14. 


| : 


THE ECONOMIC TREND OF THE ENAMELING BUSINESS' 


By H. R. SPENCER 


To show the trend in the enameling business it must be emphasized 
that our industry is essentially one part of the great industrial fabric 
of the whole country and must rise and fall in direct sympathy with 
the levels of our national economics. This is a primary point and in 
studying it we are able more or less truthfully to make deductions 
applicable to the future. 

The roots of the present condition extend back directly to the busy 
days of the war, only nine years ago. As a direct consequence of the 
war, probably a resultant of war profits plus well-learned military 
initiative, a large number of individuals embarked in business on their 
own account. New corporations sprang up by the hundreds, each 
installing a certain amount of machinery and equipment until the 
means for production were equal to if not greater than the highest 
peak of demand during the war. As a result of these conditions we have 
today the means and the machines for a greater production than can 
normally be absorbed. 

Porcelain vitreous enamel.as an art is ancient but as an industry 
is in its infancy. The enameled stove was first thought of as recently 
as eighteen years ago and was not sold to any great extent prior to 1917. 
The stove business has always been a keenly competitive business and 
the advent of the porcelain enameled stove increased the com- 
petition. 

The change in the stove business in the last few years, how enameled 
stoves have taken the country by storm, how the demand for enamel 
has jumped from nothing to millions of dollars a year, is well known. 
Enameling started as a distinctive industry and is now in part separate, 
and in part a department of stove and refrigerator plants. As the 
general price level declined there came the expected and natural 
demand for lower prices and the consequent lower costs. 

The enameler naturally resisted the demand for lower costs. He had 
an ideal to maintain. Previous to enameling the stove was an ugly 
necessary evil, acceptable for its utility only. Wherever possible it 
was hidden in a dark corner. Once a week it was rubbed with lamp 
black to cover the rust and to keep the color drably uniform. The 
enameler changed this. The stove became clean and glossy; white or 
gray or royal purple replaced the dingy black. It crept out from dark 
corners to the middle of the room. Instead of being a dark neéessity, 
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it became a thing of beauty. For this reason the enameler objected to 
reducing the price, although very few were articulately aware of it. 
He had an ideal; he had put art into the kitchen where none 
existed before. He had made the family hearth again a thing of 
beauty. 

There is a greater demand for a full enameled stove in the home of the 
honest working man than there is in the homes of the so-called upper 
and wealthy classes. Where the kitchen is the sitting room, where the 
wife does the cooking, and where the cook takes pride in her stove, 
there is found the full enameled stove. , 

It is axiomatic that in union there is strength and this applies both 
to politics and to industry. Keen competition leads directly and inevi- 
tably to combination. The past competition has lead to the present 
plague of consolidations. This trend leaves the jobbing enameler in the 
lurch. He was raised on good bread and butter, but now there are too 
many mouths to feed. Instead of all being brothers and developing 
an industry amicably and peaceably, he has become a bitter rival. The 
crux of the situation is that the market is curtailed by over-expansion 
of units of production. 

Such is the situation today. The question is, what course will 
the industry take in the future. 

There are four plans which he may follow. (1) The most unpleasant 
of these is the bare fact that a number of enamelers may put out the 
lights and go to the wall. This is not pleasant but it is a possibility. 
This is liable to be the case in other industries, similarly situated and 
similarly overproduced ; for instance, the automobile and the refrigerator 
industries. 

(2) The enameler may become merely a departmental adjunct of 
the stove or refrigerator business. If this should happen, he would 
shortly be in the same demoralized condition as is the gray-iron in- 
dustry today, a large number of distinctive units, each with its own 
business consuming one-half of its capacity and each at dagger-point 
competition to fill the remaining half. I hope that the enamelers will 
never reach that state. 

(3) The enameler may develop new markets. All are trying to do 
this, but it is very slow, tedious, and expensive. It will take years to 
accomplish and it is at the mercy of every whim of public opinion. 
Few enamelers have the money to pursue a new market to a very great 
extent. This step must be deliberate. 

(4) The enameler might follow the course already pointed out by 
the stove industry, the steel industry, the railroads, gas meter, and 
many other industries, 7.e., that of the formation of large corporations. 
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When the U. S. Steel Corporation started, it was a very loose group of 
former competitors. The same is true of the Aluminum Company of 
America, the Machine Tool Corporation of America, and many others. 
They are consolidations of competitors. In a very real sense this may 
be the next step forward in the national industrial progress, as definite 
a step as that which marked the end of the ‘‘trust-busting’’ era of the 
early days of this century, when the Sherman Law was still invoked 
and everyone mumbled the shibboleth ‘‘competition is the life of trade”’ 
and neglected to consider that life is more important than competition; 
that even greater than the necessity of competition is the necessity of 
life. 

There should be no attempt at price fixing among competitors. That 
is not only illegal but illicit. It is ethically contrary to every grain of 
our hard business common sense. 

On the other hand the advantages of consolidation are simple and 
self-evident and can be appreciated by every business man. The first 
advantage is that of finance. For instance, a corporation with assets 
of $100,000 has the ability of borrowing $40,000 with ease; beyond that 
amount it is a struggle. A corporation with assets amounting to 
$500,000 has a borrowing power not merely five times $40,000 or 
$200,000, but of $350,000 or $400,000, and that with ease. The increase 
is not arithmetical; it is by geometric ratio. 

A second advantage is the stabilization of prices, and this is for the 
good of the whole industry and not alone for the members of the 
consolidation. Third, the plan would have the advantage of listed 
stocks and marketable financing. The advantage of this cannot be 
overestimated. Fourth, there would be coéperative research, a point 
which is especially applicable to the porcelain enamel industry. Fifth, 
new markets, new fields for enamel would be developed, which are not 
only necessary but imperative if porcelain enameling is to exist as an 
independent industry. Sixth, there would be centralized sales, co- 
operative marketing; even the farmers are going in strong for this. 
The advantages apply even stronger to industry. Codéperative sales 
imply coéperative advertising, a point already conceded by the sheet- 
iron manufacturers. 

On all of these counts the advantages of coéperation are self-evident, 
and show clearly why various railroads and industries are combining. 
Therefore, if other industries find consolidation pleasant and profitable, 
why should not the enameling industry? It may be the next step of 
industrial progress. 


Erte ENAMELING COMPANY 
Exige, Pa 


CONSTRUCTION, MAKING, AND CARE OF FILTER 
PRESS CLOTHS! 


By A. R. Peer 


I. Constructions of Cloth Best Suited for Pressing Clays 

Many years of experience have proved that in most cases either one 
of two weights of filter cloth will give the best results for filtering clays. 
The cloths generally used weigh, untreated, approximately ten or 
twelve ounces per lineal yard, twenty-eight and one-half inches wide. 

The cloths should have twisted and plied yarns in nate the warp and 
filling (length and width). 

The minimum number of yarns per square inch should be as follows: 


86 yarns per sq. inch 
82 


The constructions should be approximately: 


Warp Filling Pick Warp Ends 
8} in. 10 oz. 13/3 13/2 40 per in. 46 per in. 
28} in. 12 oz. 13/3 13/3 


The best manufacturers of filter-press cloth weave the cloth to meet 
strict specifications as to breaking and bursting strength. 
The best grades should, on an average, show approximately the 
following strength: 
Bursting Strength 
Tested with 1 in. diameter circle (Mullen Test) 
10 oz. white untreated 261 lbs. 
12 oz. 401 Ibs, 
The users.should insist that the manufacturer make careful inspection 
of all cloth because small knots, pinholes, slugs, and weak yarns will 
eventually cause premature breakdowns. 


II. Various Kinds of Finishes 


There are, in general, two kinds of finishes used: 

(1) Various creosote finishes which require the dipping of press 
cloths. ‘The advantage of dipping in creosote solution is that the 
cotton fibers are protected to some extent and mildew action is retarded; 
therefore the life of the cloth is prolonged. The disadvantages of dipping 
in creosote solution are: (a) Unless the treatment is carefully done, 
the cloth may become too heavily soaked and might discolor the clay. 
(6) It is very disagreeable to apply because of odor, etc. 

(2) Green-cupra-ammonium finish. This is a finish whereby an 
actual deposit of copper metal is chemically combined with the cotton 


' Presented at the Annual Meeting, AMERICAN CERAMIC Society, Detroit, Mich., 
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fibers and cloth becomes mildewproof, rotproof, and waterproof. The 
advantages of the green finish for pressing clays are: (a) The cloth is 
highly mildew-resistant. The following quotation is taken from U. S. 
Bulletin, No. 1157, contribution from the Bureau of Chemistry. 

By some treatments, such as the cupra-ammonium, substances which are poisonous 

to mildew growth are left on the canvas. Practically complete mildew resistance may be 
obtained by the cupra-ammonium treatment. 
(b) Tests have shown that the cloths given cupra-ammonium finish 
will give quicker and better filtration. (c) This finish increases the 
breaking and bursting strength of the fabric. (d) The clay readily 
peels off the green metalized surface and therefore the sacks seldom 
have to be washed. The disadvantages of this finish are (a) the treat- 
ment shrinks the cloth about 5% in the width and expands propor- 
tionately in the length. (b) When this cloth is put on the press, the 
cloth tends to go back to its original width, therefore when first put on 
the press, shrinkage in the length occurs. (c) Unless the proper allow- 
ance has been made for the contraction in length, the press cloths will 
cause trouble. The green cloths are often unjustly condemned because 
of this. 

A suggested remedy is to soak the new cloths in water over night. 
Then, when first put on the press, water should be pumped through with 
plates loosely closed so that the cloths can adjust themselves during 
the first shrinkage. 

Most of the largest users of press cloths now specify the green cupra- 
ammonium finish because many tests have proved it to be the most 
economical and efficient. 


III. The Importance of the Correct Fit of Press Sacks 


After a user has decided on the correct weight and quality of cloth, 
the next most important step is the fit of the press sack. 

If the sacks do not fit perfectly there will be wrinkles and strains 
which cause the cloth to cut or wear out in a short time. 

It is important to determine the correct size, making the proper 
allowance for shrinking. 

Sacks that are made for a round rail press often break out and leak 
at the center feed hole. 

To overcome this it is often advisable to have the center ring strongly 
reinforced with an extra flange of filter cloth. This flange should not be 
over two inches wide and should be cut round, never square. 

The latest method of stitching around the center ring is an inter- 
locking stitch which makes two independent rows of stitching. This 
new ring is pliable and if one row of stitches breaks, the next row will 
still hold. 


‘ 
‘ 


286 PEER 


This method is much better than the old over-and-over built up 
loop stitch, because in the latter if one of the threads breaks, the whole 


ring is weakened. 


IV. Choosing the Right Press Cloth 


It is to the user’s advantage to make comparative tests of light and 
heavy, treated and untreated cloths to determine which is the most 
economical in his particular plant. 

There are no positive statistics available to prove what cloth is best 
suited for a particular manufacturer. Some potteries believe white sacks 
treated or untreated are the best, while others claim the green sacks are 
best. In a few plants, even brown sacks are used. 

Whiteware manufacturers have found the cupra-ammonium finish 
in a cloth weighing approximately 10 ounces is the most efficient. 

Sanitary ware, stoneware, and tile manufacturers have found that 
cloths weighing approximately 12 ounces give the best results. 


V. Care of the Press Cloth 
The following suggestions will help to prevent press cloths from 
breaking out prematurely: (a) Be sure the press sacks fit properly. 
(6) New sacks, particularly treated ones, should be soaked in water 
before putting on the press to shrink the cloth. (c) Press cloths 


should never be piled up while damp, as this hastens mildew action 
and deterioration of the cotton. Moist heat and darkness promote 
mildew. Sunlight and dry air prevent it. (d) To prevent rust and 
sharp points that will cut filter cloths, scrape and paint the press plates 
whenever necessary. (e) Care should be used in closing press plates 
together gently as slamming them hard causes rim cuts. (f) Many 
sacks are ruined in washing. Press sacks should not be left too long in a 
washing machine, only long enough to clean the sacks. The sacks 
should be spread out in a revolving washing machine so the wear will 
not be toncentrated on a few folds, which weakens. the yarns and 
shortly causes small holes to appear. (g) Prolong the life of the sacks 
by patching small breaks with a reliable waterproof canvas cement. 
Wm. W. Stantey Co., INC. 


359 BROADWAY 
New York Clry 


| 


ACTIVITIES OF THE SOCIETY 


CERAMISTS’ TOUR ABROAD 
May 19 to July 5, 1928 


The Ceramists’ Tour Abroad is to be a real vacation plus organized plant tours and 
international ceramic meetings. Vacation and study combined, invigoration of body, 
mind, and soul, an extension of ceramic vision, and a broadening of personal resources— 
all of which are necessary to vigorous service in the line of your life work. You can not 
afford to withhold from investing in this tour. 

1. The entire tour will cost a membership fee of nine hundred dollars per person, this 
fee to cover all traveling expenses outlined in the itinerary, three meals a day according 
to the customs-of the countries, comfortable hotel accommodations and entertainment 
from the time the party sails until it returns, 

2. Furnish cabin accommodations on Cunard Liners both to and from Europe with 
all expenses paid, except the usual tips aboard 
ship. 

3. Pay all gratuities to hotel and train 

servants in Europe, with the exception of 
tips to hotel servants in the British Isles. 
English hotels request that guests tip indi- 
vidually and not en masse. Pay all taxes 
levied by cities and countries through which 
the members may pass. 

4. Furnish free of charge one standard 
traveler’s portmanteau to each member, with 
sufficient space to carry all clothes needed 
for the entire tour and pay all transportation 
charges on it from the time it leaves New York 
until the return. 

5. Pay for the transfer of members from 
railroad stations to hotels and on such jour- 
neys as may be outlined in the itinerary. 

6. Post convention tours in Europe, as Fic. 1.—P. G. B. Morriss, Director 
may be desired by the members, will be of the Ceramists’ Tour. 
arranged and a steamship fare credit allowed 
if prearranged. To the best of our ability, endeavor will be made to change the return 
sailings to different ships at different times whenever desired. This will not be difficult 
providing we have sufficient advance notice, but it will be difficult for those who want 
to change dates of sailing at the last moment. 

7. In each country the party will separate into special plant tours; a tour of refractory 
plants for those specially interested in refractories, etc. Thus tours will be organized 
especially covering pottery, terra cotta, building brick and tile, floor tile, glass, vitreous 
enamels, etc. 

May 19, 1928 


Sail from New York on Cunard Liner. 


May 20 to 27 
At sea. Aboard the luxurious Cunard liner many a happy hour will be spent on deck, 
in the various lounges, or in the comfortable smoking room. Band concerts, dancing, 
athletics, bridge, all serve to make the crossing a true vacation. 
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May 28 


Arrive Havre or Cherbourg. Take special boat train to Paris. 


May 29 to June 3 
Paris. Under the auspices of the various French ceramic societies, where we partake 
of their hospitality, join with them in their international convention meetings, make 
visits to various plants which have been arranged for us, and enjoy the entertainment 
provided. Visits will be made to all those places which hold the attention of Americans, 
automobile trips to Fontainebleu, Barbizon, Malmaison, and Versailles, the battle fields 
of Chateau Thierry. These and many others 
are all included in the membership fee. 
Dr. L. Yeatman and Jean Berard of 
La Ceramique are making great plans for 
plant visits. 


June 4 and 5 


Lucerne, the beautiful Swiss city on Lake 
Lucerne nestling in the Alps. Mountain 
climbing up the Rigi or Pilatus will be in- 
dulged in by those who desire it. Trips by 
lake steamer and little excursions to out-of- 
the-way places will all be planned. For those 
interested, a trip will be made to Zug, where 
recent excavations have been made of a pre- 
historic village, which brought to light a 
quantity of ancient pottery of a high order. 


June 6 


Leave Lucerne by the Bodensee route 
to Munich, a most enjoyable run by rail and 
lake steamer. 


June 7 


Munich, Bavaria’s capital. A tour of the 
city will prove unusually interesting. 


Fic. 2.—H. J. C. Johnston, Presi- June 8 
dent of The Ceramic Society of Eng- Munich and Nuremberg, the latter city 
land. being reached early in the afternoon. 


June 9 
Nuremberg, a quaint old city well worth the day’s visit. 
June 10 
Karlsbad and Prague, the capital of Czechoslovakia. 
June 11, 12, and 13 
Prague, three days being given to the ceramic industries which have made Czecho- 
slovakia so famous. Much will be learned here about the success of products coming 
from this country. This might well be considered one of the high spots of our tour. 
Dr. Eng. R. Barta and his ceramic society associates will be our hosts. 


June 14 
Dresden and Meissen. A full day will be spent in the Saxon capital, which will be 
devoted to visits to leading manufacturing plants. Dresden is altogether delightful 
and will appeal with its antiquities to every one who likes old world charm. 
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Fic. 5. 


The above photographs show views of the Nationale de Porcelaine de Sévres. 
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June 15, 16, and 17 

Berlin. Arriving early in the morning we shall have no regular program until after 
lunch when a formal business reception will be held. 

Dr. H. Harkort of the German Ceramic Society and Dr. H. Harrach of the Society of 
Glass Technology, are planning with their associates several optional plant visits for 
those whose special interests are brick, refractories, pottery, terra cotta, glass, or glass 
enamel. 

Three days will be devoted to the German industries but there will be plenty of 
entertainment for those who wish to spend part of the time on vacation. Berlin to 
Dresden is but a five hour run and this we reach late in the evening. (For those who 
desire to delete Dresden from their itinerary, arrangements will be made for an additional 
two days’ stay in Berlin. 


Fic. 6.—Nationale de Porcelaine de Sévres 


June 18 
Leaving Berlin at noon we cross Northern Germany and detrain at Amsterdam 
shortly after 9 o'clock in the evening. This is a most enjoyable journey, hence we take 
advantage of the daylight instead of making a “‘sleeper jump.” 


June 19 and 20 
Amsterdam, with special excursions to places such as Delft for inspection. There 
will be plenty of sight seeing for those who wish it and no effort will be spared in per- 
sonally escorting members to such interesting spots as the Isle of Marken. Late in the 
evening of the 20th we shall proceed to England by the Hook of Holland. 
Dr. M. H. Mulderye of the Holland Ceramic Society will meet the party. 
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June 21, 22, 23, and 24 
London, our hosts being the British ceramists. Special programs are now being laid 
out for our respective entertainment. Suffice to say here that in addition to the interest- 
ing business meetings planned, there will be plenty of time left for automobile drives 
and for visits to such places as the Tower, the British Museum, Windsor Castle, etc. 


Fic. 7.—Nationale de Porcelaine de Sévres. 


Fic. 8.—Tuileries de Beauvais. Usine de St. Paul. 


June 25 
By motor to the Shakespeare country, which we visit during the day, finding our- 
selves that evening in the very heart of the “Black Country” and the potteries. 


‘ 
4 
+ 
i = 
ey 
4 Ps 
| 
= 
a> 
3 


292 ACTIVITIES OF THE SOCIETY 


June 26 to 29 


Manchester, Sheffield, Stoke-on-Trent, and Worcester. Glassware, refractories, 
brick, pottery, and enamel plants lie within easy reach of this beehive of activity, but of 
most interest, here is the home of The Ceramic Society and of the Society of Glass 
Technology. Dr. J. W. Mellor and Dr. W. E. S. Turner and their associates, with many 
of whom we are personally acquainted, are planning that each member of ceramic tour 
party shall visit these plants in which each is interested. 


Fic. 9.—Tuileries de Beauvais. Usine d’Ons-en-Bray-Cote Sud. 


Fic. 10.—Tuileries de Beauvais. Usine d’Ons-en-Bray-Cote Nord. 


Fic. 11.—Tuileries de Beauvais. Usine d’Auneuil. 


June 30 


Sail from Liverpool on Cunard liner, arrangements being made for those who desire 
to remain in Europe for return sailings at a later date. 
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The following are representatives of our ceramic hosts. 


Dr. Eng. R. Barta, Dr. H. Maurach, Secy., 
Prague 12, 1558, Glastechnische Gesellschaft 
Czechoslovakia. Gutleutstrasse 8, 


Frankfurt, A.M., Germany. 
Dr. W. E. S. Turner, 


The University, Dr. Jean Berard, Secy., 
Darnell Road, La Ceramique, 
Sheffield, England. Paris 84 Rue d’Hauteville (x), France. 
Dr. J. W. Mellor, Mr. L. Yeatman, 
Sandon House, Regent St., Produits Ceramiques et Refractories de 
Stoke-on-Trent, England. Boulogne, 
4 Rue Blance, Paris. 
Dr. H. Harkort, 
Deutsche Keramische Gesellschaft E.V. Colonel Bevierre, 
Velten bei Berlin President des Maitres Verriers de France, 


32 Rue de Paradis, Paris. 


Dr. M. H. Mulderye, Sec., 
Syndicate Des Fabricants De Produits Ceramiques, 
Singel 303, Amsterdam, Holland. 


NEW MEMBERS RECEIVED FROM JULY 1 TO AUGUST 1 
PERSONAL 

Henry John Jameson, 554 Bagley Ave., Detroit Mich., Chief Chemist, The Detroit 
Testing Laboratory. 

Othmar B. Maxwell, 4210 Garten Ave., Ashland, Ky., Service Inspector, American Roll- 
ing Mill Company. 

C. E. McCoy, 2655 Virginia Ave., Ashland, Ky., Supervisor of Quality, American Rolling 
Mill Company. 

Percy Thwaites Sealey, P. O. Box 301, Grand Rapids, Mich., Research Engineer, 
Electric Refrigeration Corporation. 

Vincente F. Soler, Monterey, N. L., Mexico, Mining Superintendent, Iron and Steel 
Works of Monterey, N. L. 

Walter F. Timmerman, 2017 Freeman Ave., Kansas City, Kans., Vice president, Western 
Terra Cotta Co. 

Percy Threadgill, Burnsville, N. C., Owner of cyanite deposit. 

John Frederick Trevor, Eureka Lodge, Rotherwood, Ashby-de-la-Zouch, England, 
Director, Stoneware Pipe and Firebrick Works. 

Carl J. Uhrmann, Jr., 5532 West 64th Place, Chicago, IIl., Assistant Superintendent, 
Inland Glass Mfg. Co. 


STUDENT 


E. J. Ladd, Georgia School of Technology, Atlanta, Ga. 


. 
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Membership Worker’s Record 


PERSONAL STUDENT 

O. E. Mathiasen 1 A. V. Henry 1 

W. G. Molar 1 _— 

F. H. Riddle 1 Total 1 

Donald E. Sharp 1 

F. G. Sutphen 2 

Office 3 
Total 10 
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LOCAL SECTION NEWS 
Pacific Northwest Section! 

The summer meeting of the Pacific Northwest Section of the AMERICAN CERAMIC 
SocigETy in coéperation with the Clayworkers and Brick and Tile Associations was held 
on July 29 at the Lake Oswego Country Club, Portland, Oregon. 

The morning was devoted to golf, and forty-two guests were present at the clubhouse 
where luncheon was served and a business meeting held. 

A Committee was appointed to suggest revisions to the recommended uniform build- 
ing code which is being prepared for the Pacific Coast, and it was decided to send a 
representative to Phoenix, Ariz. 

The general topic of the meeting was a comparison of the cement and clay products. 
Samuel Geijsbeek discussed this subject from the standpoint of terra cotta, V. E. 
Piollet, sewer pipe, W. J. Howard, brick and tile, and general comparisons were made 
by Hewitt Wilson. 

A banquet at the clubhouse in the evening concluded the meeting. 

The Portland committee on arrangements was made up of the following members: 
H. R. Kreitzer, Columbia Brick Works; T. S. Mann, Pacific Stoneware Co.; M. B. Reilly, 
Pacific Northwest Brick and Tile Association, King Shanks, Gladding, McBean and 
Co.; and A. H. Wethey, Jr., Standard Brick and Tile Company. 


California Section? 

The California Section met in Los Angeles on July at the Mary Louise for dinner 
and business program. J. L. Davies read an original paper on the ‘‘Historical Develop- 
ment of Glazing.’’ A. Malinovszky urged that closer attention be paid to the expansion 
coefficient in glazes and its importance if permanence is desired. Thomas C. Walker, Jr., 
read a paper on ‘‘The Effect of Fine Grinding on an Indurated Clay.’’* A discussion of 
the development of semiskilled labor followed led by Clifford Tillotson, on refractories, 
Lloyd Cole, on terra cotta, and Rufus B. Keeler, on decorative tile. 

T. S. Curtis showed a recent development in microphotography, presenting micro- 
photographs showing the natural colors of ceramic bodies with polarized light. 


OBITUARIES 
H. H. Sortwell 
The death of H. H. Sortwell occurred on June 13, 1927, at Denver, Colorado, after 
a valiant fight against tuberculosis which lasted for several years. Mr. Sortwell was 


1 Hewitt Wilson, Secretary. 
2 F. A. McCann, Secretary. 
3’ Jour. Amer. Ceram. Soc., 10 [6], 449-50 (1927). 
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born at Lawrenceburg, Ind., and was graduated from the Department of Ceramic 
Engineering, University of Illinois in 1918. He entered the Navy, was com- 
missioned for engineering duty, and served overseas. 
Later he spent one year with the U. S. Encaustic 
Tile Works, Indianapolis, Ind., three years at the 
Bureau of Standards, Washington, D. C., working 
on whiteware materials and problems, and before 
his illness became ceramic engineer for the Star Porce- 
lain Company, the Frenchtown Porcelain Company, 
and the Washington Porcelain Company, with head- 
e ’ quarters at the Star Porcelain Company, Trenton, 
N. J. Mr. Sortwell joined the AMERICAN CERAMIC 
Society in 1917 and made several valuable con- 
tributions to the Journal in connection with his white- 
ware research work. 


Fred B. Mueller 


The death of Fred B. Mueller, of the Mueller Com- H. H. SortTWELL 
pany, Decatur, Illinois, occurred recently. Mr. Muel- 
ler’s Company has been a corporation member of this Society since 1926. 


Carlo Ferrari 


Word has been received of the death of Carlo Ferrari of Villa Haas, Vomero, Naples, 
Italy. Mr. Ferrari became a member of the AMERICAN CERAMIC Society in 1926. 


CALENDAR OF CONVENTIONS 
Amer. Assn. for the Advancement of 


Science Dec. 28-31, 1927 Nashville, Tenn. 
AMERICAN CERAMIC SOCIETY 

Annual Meeting Feb. 5-11, 1928 Atlantic City, N. J. 

Ceramists’ Tour Abroad May 19-July 5, 1928 See p. 416 
American Chemical Society Sept. 5-10, 1927 Detroit, Mich. 
American Concrete Institute Feb. 28—Mar. 1, 1928 Philadelphia, Pa. 
Amer. Electrochemical Soc. Sept. 4-20, 1927 Trip through Northwest 
American Engineering Council January, 1928 Washington, D. C. 
Amer. Gas Association Oct. 10, 1927 Chicago, IIl. 
Amer. Inst. Mining and Met. Engrs. February, 1928 New York City 
Amer. Mining Congress lst week Dec. 1927 Washington, D. C. 
Amer. Refractories Institute Sept. 15, 1927 Niagara Falls, Can. 
Amer. Soc. Mechanical Engrs. Dec. 5-8, 1927 New York City 

. : Amer. Soc. Steel Treating Sept. 19-23, 1927 Detroit, Mich. 
Assn. Chem. Equipment Mfgrs. Sept., 1927 New York City 
Ceramic Soc. of England Sept. 26-27, 1927 Bournemouth, England 
Exposition of Chem. Industries Sept. 26—-Oct. 1, 1927 New York City 
ie Hollow Building Tile Assn. February, 1928 Chicago, III. 

Natl. Assn. of Mfgrs. Oct. 25-27, 1927 Chattanooga, Tenn. 
Natl. Academy of Sciences Cct. 18-20, 1927 Urbana, III. 
Natl. Exposition of Power and Mech. 

Engineering Dec. 5-10, 1927 New York City 
Natl. Safety Council Sept. 26-30, 1927 Chicago, Il. 


Optical Society of America Oct. 20-22, 1927 Schenectady, N. Y. 


Why Go to Europe? 


M* Y a man has been heard to say “No 
Europe for me—I'd rather see America 
first!’ That’s all very well for the vacation 
planner, but when it comes down to business, 


to dollars and cents, there’s a very real reason 


why anyone interested in ceramics should go. 


Moreover, to go with the Ceramic Tour next 
May means a tremendous saving, for you could 
not obtain (as an individual) the accommoda- 
tions arranged for double the price—nor will 
you ever again be able to find so many plants 
and industries open to you, or to meet the 
Executives who are awaiting the members of 


this tour. 


Go to Europe! It will pay you both in purse 


and physically. All particulars upon request. 


Tour Director 
AMERICAN CERAMIC SOCIETY 
2525 North High St. 


Columbus, Ohio 


AMERICAN CERAMIC SOCIETY 


N 


U. S. Rotary Enamel Smelting Furnaces Give 


SATISFACTION 


Excellent 
Results Best 
Demonstrated 
by Large 
Number of 
Repeat Orders 


Crane Enamelware Company, Chattanooga, Tennessee. 
Kohler Company, Kohler, Wisconsin. 

Porcelain Enamel & Mfg. Company, Baltimore, Md. 
Ingram-Richardson Mfg. Company, Frankfort, Ind. 
lIngram-Richardson Mfg. Company, Beaver Falls, Pa. 
Ingram-Richardson Corporation, Bayonne, N. J. 

Grand Rapids Refrigerator Co., Grand Rapids, Mich. 
Columbian Enameling & Stamping Co., Terre Haute, Ind. 
Sheet Metal Products Company, Toronto, Canada. 
Republic Metalware Company, Buffalo, N. Y. 

Pacific Sani Mfg. Company, Richmond, California. 
A. Weiskittel & Son Company, Baltimore, Md. 
Malleable Iron Range Company, Beaver Dam, Wis. 
Edison Electric Appliance Co., Inc., Chicago, Ill. 

Welsh Tinplate & Metal Stpg. Co., Ltd., Lianelly, England. 
Ernest Stevens, Limited, Cradley Heath, England. 
Ward Leonard Electric Company, Mount Vernon, N. Y. 
American Enameled Products Co., Chicago, III. 
Michigan Porcelain Tile Works, Ionia, Michigan. 
Stanley Insulating Company, Great Barrington, Mass. 
Roesch Enamel Range Company, Belleville, Ill. 

L. D. Caulk Company, Milford, Delaware. 


SIZES AND CAPACITIES 


No. 1 No. 2 No. 3 No. 4 No. 4-B 
60 Ib. 150 Ib. 350 Ib. 750 lb. 1200 Ib. 


Description, Photographs, Specifications and Prices Mailed Promptly 


THE U. S. SMELTING FURNACE CO. 


BELLEVILLE, ILLINOIS, U. S. A. 
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4. BETTER GLASS! 


1. Less Decolorizer 
2. Lower Batch Cost 


3. Less Offware and 
Cullet 


One—Two—Three—Four—and all TRUE! 


So true that we have published a 
standing offer, for several years, to 
ship to any glass manufacturer as 
large a tonnage of 


EVENMELT 


Processed Glass Sand 


as he will require for a thorough 
working test, with the understand- 
ing that he pays the freight from 
Ottawa, Ill., and, after the tests 
are completed, pays us for the 
sand, a price which he considers to 
be its fair value, based on the re- 
sults of his tests. 


This “Jug Handled Trial Offer” 
has been the means of securing the 
introduction of EVENMELT ina 
majority of the plants using it. 
Which means that EVENMELT 
sells itself on the merit of its own 
superior performance. 


EVENMELT 


Guarantees 


1. It is guaranteed to run 


below .025% in Iron 
Oxide. Do you know 
of any sand that is guar- 
anteed to run below 
even .05%? Further- 
more, the exact iron 
content of current pro- 
duction appears on 
every invoice. (Robert 
W. Hunt Co. Analysis). 


. It is guaranteed to be no 


coarser than 28 mesh 
and no finer than 70 
mesh. No oversize 
grains and no dust. We 
are the only producers 
making such a guaran- 
tee. 


V NITED GTATES §ILICAG, 


122 South Michigan Ave. Chicago 
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BUYERS’ GUIDE 


A 


Air Reducing Valves 
Fisher Governor Co. 


Air Traps 
Fisher Governor Co. 


Alumina (Hydrate and Calcined) 
Harshaw, Fuller & Goodwin Co. 
Pennsylvania Salt Mfg. Co. 


Roessler and Hasslacher Chemical Co. 


Aluminum Oxide (fused) 
The Exolon Co. 


Aloxite (Refractory Products) 
The Carborundum Co. 


Alundum (Refractory Products) 
Norton Co. 


Antimony Oxide 
ungmann & Co. 
oessler & Hasslacher Chemical Co. 


Ammonium Bi-fluoride 
Ammonium Carbonate 
Jungmann &‘Co., Inc. 


Auger Machines 
Chambers Brothers Co. 


Automatic Brick Machinery 
Lancaster Iron Works, Inc. 


Automatic Cutters 
Chambers Brothers Co. 


Automatic Stove Rooms 


Philadelphia Drying Machinery Co. 


Automatic Control Valves 
Maxon Premix Burner Co. 


Automatic Temperature Control 
Brown Instrument Co. 
Leeds & Northrup Co. 


B 


Back Pressure Valves 
Fisher Governor Co. 


Ball Mills (Laboratory Type) 
Fisher Scientific Co. 


Ball Mills 
McDaniel Refrac. Porcelain Co. 
Mueller Machine Co., Inc. 


Barium Carbonate 
Roessler & Hasslacher Chemical Co. 


Barium Hydrate 
Jungmann & Co., Inc. 


Barytes 
Seaboard Feldspar Co. 


Batts 
The Carborundum Co. (“Carbofraxs 
Aloxite’’) 
Norton Co. (“Alundum-Crystolon”) 


Bitstone 
Eureka Flint and Spar Co. 
Potters Supply Co. 


Blocks (Refractory) 
The Carborundum Co. 
Norton Co. 


Blowers 
Jeffrey Mfg. Co. 


Blowers (centrifugal—high pressure) 
Maxon Premix Burner Co. (Premix) 


Boats, Combustion 
Fisher Scientific Co. 
Norton Co. 


Boiler Feeders 
Fisher Governor Co. 


Borax 
American Potash & Chemical Co. 
Drakenfeld & Co., B. 
Tnnis Speiden & Co. 
Pacific Coast Borax Co. 
Roessler & Hasslacher Chemical Co. 


Boric Acid (Anhydrous) 
Pacific Coast Borax Co. 


(When writing to advertisers, please mention the. JOURNAL) 
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1-900 : 


Analytical Balance 
(Quick Acting) 


Recommended for precise analytical work. Cap. 200 
grams in each pan; sensitivity, 1/20 mg.; agate bearings 
and knife-edges. 


A remarkable value, $125 
IK I S | | IK R SCIENTIFIC 
COMPANY 
Laboratory Apparatus and Reagents for Chemistry, Metallurgy, Biology 


PITTSBURGH, PA. 


IN CANADA, FISHER SCIENTIFIC CO. LTD., 472 MCGILL ST., MONTREAL. 


(When writing to advertisers, please mention the JOURNAL) 
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BUYERS’ GUIDE (continued) 


Boric Acid (Crystal, Granular or Powder) Chromium Oxide 
American Potash & Co. & Co., Inc 
Drakenfeld & Co., B. F. oessler & Hasslacher Chemical Co. 
Innis Speiden & Co. 
Pacific Coast Borax Co. Clay (Ball) 
entucky Construction & Improvement Co. 
"ee Gas Borax Co. Mandle-Porter Clay Co. 
Co. 
Brick Making Machinery Chemical Co 
Chambers Brothers Co. Spinks Clay Co., H. C. 
United Clay Mines Corp. 
Bricks (Refractory) 
The Carborundum Co. (“Carbofrax Clay (China) 
Aloxite”’) Drakenfeld and Co., B. F. 
Harbison Walker Refractories Co. Edgar Brothers Co. 
Norton Co. (“Alundum-Crystolon”’ ) English China Clay Sales Corp. 
Bucket Elevators arshaw, Fuller win Co. 
ff; Paper Makers Importing Co. (Inc.) 
Roessler and Hasslacher Chemical Co. 
Burners (Gas—Oil) United Clay Mines Corp. 
Maxon Premix Burner Co. 
Clay 
; gar Brothers Co. 


Enterprise White Cla 

Harshaw, Fuller & osdwin Co. 

Kentucky Construction & Improvement Co. 
Cc Mandle-Porter Clay Co. 

Paper Makers coh ce Co. <Inc.) 


Spinks Clay C 
ra pe United Clay Mines Corp. 
Carbolon (Refract Products) Clay (Enamel) 
The Exolon Co. Edgar Brothers Co. 


Co. 

eta ermit Corp. 

Carbonates (Barium-Lead) Paper Makers Importing Co. (Tnc.) 
Tnnis. Speiden & Co. , Roessler & Hasslacher Chemical Co. 

Roessler & Hasslacher Chemical Co. United Clay Mines Corp. 


Vitro Mfg. Co. 


Caustic Soda 
Pennsylvania Salt Mfg. Co. Clay Fire) - r 
gar Brothers Co. 
Cm Carborundum Ca. Enterprise White Clay Co. 
Massillon Stone & Fire Brick Co. ah Improvement Co. 
Norton Co. | & Fire 
‘aper Makers Importing Co. (Inc. 
Ceramic Chemicals Potters Supply Co. 
Drakenfeld and Co., B. F. United Clay’ Mines Corp. 
Harshaw, Fuller & Goodwin Co. 
Jungmann & Co., Inc. 
etal & Thermit Corp. Clay (Potters) 
Paper Makers Importing Co. (Inc.) English China Clay Sales Corp. 
Roessler and Hasslacher Chemical Co. Kentucky Construction & Improvement Co. 
Titanium Alloy Mfg. Co. Maxon Premix Burner Co. 
Vitro Mfg. Co. Paper Makers Importing Co. (Inc.) 
Roessler & Hasslacher Chemical Co. 
Ceramic Plant Equipment Spinks Clay Co., H. 
Chambers Brothers Co. United Clay Mines Corp. 
effrey g. Clay (Sagger) 
ueller Machine Co., Inc. y se 
Philadelphia Drying Machinery Co. Edgar Brothers Co. 


English China Clay Sales Corp. 
eee White Clay Co. 
y Construction & Improvement Co. 

Mandle-Porter Clay Co. 
Paper Makers Importing Co. (Inc.) 
Supply 
Chemicals (Analytical) inks Clay Co., H. 

Fisher Scientific Co. Ppined Clay Mines Corp. 


(When writing to advertisers, please mention the JOURNAL) 
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Chains 
Jeffrey Mfg. Co. 
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The National Silica Co. 


OREGON, ILL. 


Producers and Pulverizers of 


FLINT 


exclusively for 


Pottery Purposes 


99.97% Pure Silica 140 Silk Lawn Test 


SERVICE TO POTTERS 


We Manufacture— We Sell— 
PINS BALL CLAY 
SAGGER CLAY 
WAD CLAY 
THIMBLES GROUND FIRE CLAY 
SPURS BITSTONE 
SAGGERS FIRE BRICK 
IMPORTED PARIS 
CRUCIBLES WHITE 
TILE for Decorating kilns DOMESTIC WHITING 


THE POTTERS SUPPLY COMPANY 
EAST LIVERPOOL, OHIO 


(When writing to advertisers, please mention the JOURNAL) 
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BUYERS’ GUIDE (continued) 


Clay (Stoneware) 
Enterprise White Clay Co. 
United Clay Mines " 


Clay Tests 
Harrop Ceramic Service Co. 


Clay (Terra Cotta) 
Enterprise White Clay Co. 
United Clay Mines Corp. 


effrey Co. 
fueller Co. (Inc.) 


Clay Miners 
Edgar Brothers Co. 
English China Clay Sales Corp. 


Kentucky Construction & Improvement Co. 


Mandle-Porter Clay Co. 

Pa Makers agers Co. (Inc.) 
Spinks Clay Co., H. C. 

United Clay Mines Corp. 


Clay Storage Systems 
Jeffrey Mfg. Co. 


Clay (German 
ungmann & Co., 
oessler & Chemical Co, 


Clay (Wad) 
Mandle-Porter Clay Co. 
Paper Makers Importing Co. (Inc,) 
Potters Supply 
Spinks Clay Co., H. 
United Clay Mines Corp. 


Clay (Wall Tile) 
English China Clay Sales Corp. 
Enterprise White Clay Cc. 


Kentucky Construction & Improvement Co. 


Mandle-Porter Clay Co. 

Paper Makers laoarting Co. (Inc.) 
Spinks Clay Co., H. C. 

United Clay Mines Corp. 


Clay Washing Machinery 
Mueller Machine Co., Inc. 


Clay Machinery 
Mueller Machine Co., Inc. 


Cloth (Wire) 
Newark Wire Cloth Co. 


Coal & Ash Bends Mchy. 
Jeffrey Mfg. Co. 


Cobalt Oxide 
Drakenfeld and Co., B. F. 
Jungmann & Co., Inc 
Roessler & isocdlndher Chemical Co. 


Colors 
Drakenfeld and Co., B. F. 


Harshaw, Fuller & Goodwin Co. 
Innis, Speiden & Co. 

Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 


Combustion 
effrey M 
isher Scientific Co. 


Conditionin Machinery 
Philade _ Drying Machinery Co. 
Proctor & Schwartz, Inc. 


Cones (Filter) 
Fisher Scientific Co. 
Norton Co 


Conveyors (Belt Cable) 
Jeffrey Mfg. Co. 


Conveyors (Clay, Sand, Brick, etc.) 
Mfg. Co. 
ueller Machine Co., Ine. 
Philadelphia Drying Machinery Co. 


Conveyors ( 4 
Jeffrey Mig. 


Controllers 
Brown Instrument Co. 
Chas. Engelhard, Inc. 
Leeds & Northrup Co. 


Cores (Alundum Furnace) 
Norton Co. 


Cornwall Stone 
English China Clay ohn Corp. 
Eureka Flint and Spar C 
Harshaw, Fuller & Goodwin Co. 
Pennsylvania Pulverizing Co. 
Roessler and Hasslacher Chemical Co. 


Crucibles (Filter-Melting-Ignition) 
Norton Co. 
Potters Supply Co. 


Crushers 
Chambers Co. 
mt Mfg. Co. 
ueller Machine Co., Inc. 


Cryolite 
ungmann & Co., Inc. 
oessler & Hasslacher Chemical Co. 


Decorating Supplies 
Drakenfel Co., F. 
Roessler and Malet: Chemical Co. 
Vitro Mfg. Co. 


Discs (Alundum-Porous-Filter) 
Norton Co. 


(When writing to advertisers, please mention the JOURNAL) 
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Wherever 
Metal Is Enameled This 
Super-Iron 
Proves Its Value 


ANUFACTURERS of household ap- 

pliances use Toncan Enameling Iron 
because of its excellent enameling properties 
and its absolute uniformity of structure, 
enabling it to withstand the most severe 
drawing operations. 


Toncan Enameling Iron is free from blow- 
holes, gas and laminations. The sheets are 
smooth and clean, requiring the minimum 
amount of pickling. Rigid inspection and 
thorough scrubbing eliminate scale, grease 
and dirt. 


At ordinary temperatures Toncan Enamel- 
ing Iron is softer than open hearth steel, and 
for this reason is somewhat more open and 
has less tendency to glaze under the action 
of the rolls. This slightly open surface allows 
Toncan to actually grip the enamel and pre- 
vents peeling and flaking. 


There are many other advantages of Toncan 
which will be appreciated by the user of your 
products. Write for complete information. 


REGO. PAT. OFF. 


AN: 
“Enameling” 


Central Alloy Steel Corporation 
MASSILLON, OHIO 
Cleveland Makers of Agathon Alloy Steels St. Louis 
Syracuse Detroit Chicago New York 
Seattle San Francisco Philadelphia 
Los Angeles Tulsa Cincinnati 


‘When writing to advertisers, please mention the JOURNAL) 
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BUYERS’ GUIDE (continued) 


Dishes (Alundum-Filtering-Ignition) 
Norton Co. 


Disintegrators 
Chambers Brothers Co. 
Mueller Machine Co., Inc. 


Dolomite 
Innis, Speiden & Co. 


Driers 
Harrop Ceramic Service Co. 


Dryers (China Ware—Porcelain) 
Philadelphia Drying Machinery Co. 
Proctor & Schwartz, Inc. 


Drying Machinery 
Philadelphia Drying Machinery Co. 
Proctor & Schwartz, Inc. 


E 


Electrical Instruments 
Brown Iristrument Co. 
Leeds & Northrup Co. 


Electrical Porcelain Machinery 
Mueller Machine Co., Inc. 


Elevators (Bucket, tray, arm) 
Jeffrey Mfg. Co. 


Enamels 
Roessler & Hasslacher Chemical Co. 


Enameling uipment, Complete 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 


Enameling Furnaces 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 

The Carborundum Co. (Carboradiant) 
Massillon Stone & Fire Brick Co 
The Porcelain Enamel & Mfg. Co. 
Uz Smelting Furnace Co. 

Vitro Mfg. Co. 


Enameling Muffies 
The Carborundum Co. (Carbofrax) 


Enameling, Practical Service 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Enamels, Porcelain 
hicago Vitreous Enamel Product Co. 
Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Engineering Service 
Chambers Brothers Co. 
Harrop Ceramic Service Co. 


Equipment (Porcelain Enameling) 
Chicago Vitreous Enamel! Product Co. 
Ferro Enamel Supply Co. 

The Porcelain Enamel & Mfg. Co. 


Exhaust Relief Valves 
Fisher Governor Co. 


Exolon (Refractory Products) 
The Exolon Co. 


Extruding Machines (Lab. Use) 
Chambers Brothers Co. 


F 


Fans 
Jeffrey Mfg. Co. 


Feldspar 
ureka Flint and Spar Co. 
Harshaw, Fuller and Goodwin Co. 
Innis, Speiden & Co. (Isco) 
Pennsylvania Pulverizing Co. 
Roessler and Hasslacher Chemical Co. 
Seaboard Feldspar Co. 


Filtering Machinery 
Mueller Machine Co., Inc. 


Fire Brick 
The Carborundum Co. 
Harbison Walker Refractories Co. 
Massillon Stone & Fire Brick Co. 


Flint 
Eureka Flint and Spar Co. 
Harshaw, Fuller and Goodwin Co. 
Innis, Speiden & Co. (Carrara) 
National Silica Co. 
Pennsylvania Pulverizing Co. 
Roessler and Hasslacher Chemical Co. 


Flint Pebbles 
Fureka Flint and Spar Co 
Roessler & Hasslacher Chemical Co. 


Flow Meters 
Brown Instrument Co. 


(When writing to advertisers, please mention the JOURNAL) 
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ENGLISH AND DOMESTIC 


QUALITY 


POTTING 
CLAYS 


Paper Makers Importing Co., Inc. 
EASTON, PENNA. 
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BUYERS’ GUIDE (continued) 


Frit 
Porcelain Enamel and Supply Co. 
Vitro Mfg. Co 


Furnace Conveyors 
Jeffrey Mig. Co. 


Furnaces 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Supply Co. 
The Carborundum Co. (Carboradiant) 
Ceramic Service Co. 
Massillon Stone & Fire Brick Co. 
The Porcelain Enamel & Mfg. Co. 
U. S. Smelting Furnace Co 


Furnaces (Crucible—Lead—Pot) 
Maxon Premix Burner Co. 


Furnaces (Electrical, Laboratory Type) 
Chas. Engelhard, Inc. 
Fisher Scientific Co. 


Furnaces (Melting) : 
Maxon Premix Burner Co. 


Furnace Slabs 
Massillon Stone & Fire Brick Co. 


Gates (Blast) 


Maxon Premix Burner Co. 


Sand 
. S. Silica Co. 


Glazes and Enamels 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., B 
Ferro Enamel Supply Co. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Glaze Spar 
Fureka Flint and Spar Co. 
Roessler & Hasslacher Chemical Co. 


Gold 
Drakenfeld & Co., B. 
Harshaw, Fuller and Co. 
Roessler and Hasslacher Chemical Co 
Vitro Mfg. Co. 


H 
Hearths 


The Carborundum Co. 
(Carbofrax heat treating) 


Hearths Aluminous Clay—Electrically 
Aluminum Oxide—Silicon 


Cc ) 
The Carborundum Co. 


Heaters (Air-Oil) 
Maxon Premix Burner Co. 


Hydrogen Ion Equipment 
La Motte Chem. Products Co. 


Hygrometers 
Brown Instrument Co. 


Humidity Control 
Brown Instrument Co. 


I 


Indicators & Recorders (Steam, Air, Gas) 
Chas. Engelhard, Inc. 


Indicators, Chemical 
La Motte Chem. Products Co. 


[nfusorial Earth 
Innis, Speiden & Co. 
Harrop Ceramic Service Co. 


Instruments (Critical Point, Temperature 
Pressure, etc.) 
Brown Instrument Co. 


Iron (Enameling) 
American Rolling Mill Co. 
The Mansfield eect & Tin Plate Co. 
Central Alloy Steel Corp. 


Jiggers 
Mueller Machine Co., Inc. 


K 
Kaolin 


Edgar Plastic Kaolin Co. 

English China Clay Sales Corp. 
Enterprise White Clay Co. 

Harshaw, Fuller & Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
United Clay Mines Corp. 


Kilns 
Harrop Ceramic Service Co. 


Kilns (China, Decorating) 
Drakenfeld & Co., B. F. 


Kil-s (China, Decorating) 
Drakenfeld & Co., B. F. 


Kryolith 
Harshaw, Fuller & Goodwin Co. 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co. 
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Specialists since 1869 in 


METAL OXIDES 


COBALT TIN 
CHROME ANTIMONY 
COPPER MANGANESE 
NICKEL URANIUM 
SELENIUM 


SODIUM SELENITE 
CADMIUM SULPHIDE 


Red—Orange— Yellow 


GLOBE 
DECOLORIZING COMPOUNDS 


COBALT SULPHATE 
COBALT OXIDE 


POWDER BLUE ZAFFRE 


B. F. DRAKENFELD & CO. Inc. 


Established 1869 
45-47 Park Place New York 
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BUYERS’ GUIDE (continued) 


L 


Laborat Supplies 
Fisher Scientific Co. 


Lehrs (High Aluminous Clay—Electrically 
Sintered Aluminum Oxide—Silicon 
Carbide) 
The Carborundum Co. 
Jeffrey Mfg. Co. 


Linings (Furnace-Refractory, Block Refractory 


Plate, Brick and Tile) 
Massillon Stone & Fire Brick Co. 
Norton Co. 

The Carborundum Co. 


Liquid Level Indicator and Recorder 
Brown Instrument Co. 
Fisher Governor Co. 


Loaders (portable) 
Jeffrey Mfg. Co. 


M 


Magnesia (sintered) (calcined) 
The Exolon Co. 
ungmann & Co., Inc. 
oessler & Hasslacher_ Chemical Co. 


Magnesite 
Drakenfeld & Co., B. F. 
Harshaw, Fuller & Goodwin Co. 
Tnnis, Speiden & Co. 
Roessler & Hasslacher Chemical Co. 


~~ 

takenfeld & Co., B. F. 
Harshaw, Fuller & Goodwin Co. 
Roessler and Hasslacher Chemical Co. 


Manometers 
Brown Instrument Co. 


Metals (Porcelain Enameling) 
American Rolling Mill Co. 
The Mansfield eet & Tin Plate Co. 
Central Alloy Steel Corp. 


Meters (All Kinds) 
Brown Instrument Co. 
Chas. Engelhard, Inc. 


Minerals 

Drakenfeld & Co., 

Harshaw, Fuller Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co 


Mixing Machines 
Chambers Brothers [o. 


Motors 
Harrop Ceramic Service Co. 


Muffies (Furnace) 
Massillon Stone & Fire Brick Co. 
Norton Co. 
The Carborundum Co. (Carbofraxr) 


Multistage Compressors 
Maxon Premix Burner Co. 


Mullite (artificial) 
e Exolon Co. 


Muriatic Acid 
Harshaw, Fuller & Goodwin Co. 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co. 


N 


Nitrates (Cobalt, Sodium) 
Harshaw, Fuller & Goodwin Co. 
Tnnis, Speiden & Co. 
Roessler & Hasslacher Chemical Co. 


Oil Burning Systems 
Maxon Premix Burner Co. 


Opacifiers 
Harshaw, Fuller & Goodwin Co. 
Titanium Alloy Mfg. Co. 


Orifice Plates 
Brown Instrument Co. 


Oxides 
Drakenfeld & Co., 
Harshaw, Fuller & 
Innis, Speiden & Co. 
Metal & Thermit Corp. 
Paper Makers Importing Cc. 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co. 
Titanium Alloy Mfg. Co. 
Vitro Mfg. Co. 


Co. 
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Refractory Materials 


| for | 
Ceramic Industries 


FUSED ALUMINA 
Sold under the trademark “Alundum” 


Bricks, plates and combusion chambers 
Enamelling muffles 

Tunnel kiln muffles 

Burner blocks 

Grain for improvement of sagger mixtures 
Grain for addition to porcelain bodies 


SILICON CARBIDE 


Sold under the trademark “Crystolon” 


Bricks and plates 

Combustion flues 

Tunnel kiln car tops 

Grain for retort bodies | 

Grain for improvement of crucible mix- 
tures 


MULLITE 
Grain and bonded shapes 


NORTON COMPANY 
WORCESTER, MASS. 


NORTON 


REFRACTORIES | 
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Pans (Wet and Dry) 
Chambers Brothers Co. 
Mueller Machine Co., Inc. 


Pebble Mills 
Mueller Machine Co., Inc. 


Pins 
Potters Supply Co. 


Placing Sand 
Eureka Flint and Spar Co. 
National Silica Co. 
Pennsylvania Pulverizing Co. 
Roessler & Hasslacher Chemical Co. 
United Clay Mines Corp. 


Plant Design 
Harrop Ceramic Service Co. 


Plate Feeders 
Co. 
Jeffrey Mfg. Co. 


Plate (Filter) 
Norton Co. 


Porcelain Enameling Service, Practical 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Porcelain 


Enamels 
Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 

The Porcelain Enamel & Mfg. Co. 
Roessler & Hasslacher Chemical Co. 
Vitro Mfg. Co. 


Potash (Carbonate) 
Roessler & Hasslacher Chemical Co. 


Potassium Bi-fluoride 
Innis, Speiden & Co 
& Co., Inc. 
oessler & Hasslacher Chemical Co. 


Pottery Machinery 
Cain Machine Co. 
Mueller Machine Co., Inc. 


Pug Mills 
Chambers Brothers Co. 
Mueller Machine Co., Inc. 


Pulverizing Machinery 
effrey Mfg. Co. 
ueller Machine Co., Inc. 


Pulverizing Mills 
effrey Mfg. 
ueller Machine Co., Inc. 


umps 
Mueller Machine Co., Inc. 


Governors 
isher Governor Co. 


Pumps (Oil) 
axon Premix Burner Co. 


Pyrometers (Indicating) 
Brown Instrument Co. 
Chas. Inc. 
Fisher Scientific Co. 
Leeds & Northrup Co. 


Pyrometers (Optical) 
Fisher ientific Co. 


Pyrometers (Recording) 
Brown Instrument Co. 
Chas. Engelhard, Inc. 
Leeds & Northrup Co. 


Pyrometer (Switches) 
Brown Instrument Co. 
Engelhard, Chas., Inc. 
Leeds & Northrup Co. 


Pyrometer Thermocouples 
Brown Instrument Co. 
Chas. Engelhard, Inc. 


Pore 
Brown Instrument Co. 
Chas. Engelhard, Inc. 
Fisher Scientific Co. 
Leeds & Northrup Co. 
McDaniel Refractory Porcelain Co, 
Massillon Stone & Fire Brick Co. 
Montgomery Porcelain Products Co. 


Pyrometer — and Hard 
n 


Pyrometer Tubes (Silica) 
Fisher Scientific Co. 


R 


Recorders (CO, CO,, SO, and Draft) 
Chas. Engelhard, Inc. 


Recording Instruments 
rown Instrument Co. 
elhard, Chas., Inc. 
Fifer Scientific Co. 
Leeds & Northrup Co. 


Reducing Valves 
Fisher Governor Co. 


Refractories 
The Carborundum Co. 
The Exolon Co. 
Massillon Stone & Fire Brick Co. 
Norton Co. 
United Clay Mines Corp. 


Refractory Materials 
he Exolon Co. 
United Clay Mines Corp. 


Reguiators (Automatic Temperature) 
Brown Instrument Co 
Chas. Engelhard, Inc. 
Leeds & Northrup Co. 
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Miners, IMporTERS AND PULVERIZERS 


Pure English Cornwall Stone 


Imported French Flint Eureka #1 Feldspar al 
French Placing Flint Connecticut Feldspar 

American Rock Flint New Hampshire Feldspar 

American Sand Flint New York Feldspar 


Eureka Specially Selected Glaze Spar has been famous 
for Twenty Years for its Brilliant Lustre 


EUREKA FLINT & SPAR CO. 


Trenton—-New Jersey 


ynthetic Cryolite 


“RUTGERS BRAND” 


always 


98/99% pure (actual Sodium Aluminum Fluoride) 
practically free from iron 
never more than 1% silica. 


Further important information, sample and quotation are 
at your disposal. Write to the SOLE U. S. AGENTS 


JUNGMANN & CO., Incorporated 
5 Desbrosses Street New York, N. Y. 


(When writing to advertisers, please mention the JOURNAL) 
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Send, if 
. Silica Co. 


Saggers 
The Carborundum Co. 
Norton Co. 
Potters Supply Co. 


Sagger Con rs 
Jeffrey fg. Co. 


Sagger Presses 
Chambers Brothers Co. 
Mueller Machine Co., Inc. 
Watson-Stillman Co 


Screens 
effrey Mfg. Co. 
ewark Wire Cloth Co. 


Selenite of Sodium 
Drakenfeld & Co. F. 
Harshaw. Fuller & Bocdwin Co. 
Vitro Mfg. Co. 


Selenium 
Drakenfeld & Co., B. F. 
Roessler & Hasslacher Chemical Co. 


Shovels (power) 
Jeffrey Mfg. Co. 


Silica 
U. S. Silica Co. 


Silica (fused) 
The Exolon Co. 


Silicon Carbide 
The Exolon Co. 


Silicon Carbide Firesand 
The Exolon Co. 


Sillimanite (Synthetic) 
The Exolon Co. 
Norton Co. 


Slabs (Furnace) 
The Carborundum Co. 
Norton Co. 


Smeltere 


Chicago Vitreous Enamel Product Co. 


U. S. Smelting Furnace Co. 


Soda Ash 
Harshaw, Fuller & Goodwin Co. 
Innis, Speiden & Co. 


Roessler and Hasslacher Chemical Co. 


Sodium Antimonate 
Harshaw, Fuller & Goodwin Co. 
Metal & Thermit Corp. 
Vitro Mfg. Co. 


Roessler and Hasslacher Chemical Co. 


Sodium Bi-fluoride 
Jungmann & Co., Inc. 


Sodium Fluoride 
Harshaw, Fuller & Goodwin Co. 
Innis, Speiden & Co. 
Roessler and Hasslacher Chemical Co. 


Spar - 
Eureka Flint and Spar Co. 

Harshaw, Fuller & Goodwin Co. 
Pennsylvania Pulverizing Co. 

Roessler and Hasslacher Chemical Co. 


Sprockets 
Jeffrey Mfg. Co. 


Spurs 
Potters Supply Co. 


Steam Traps 
Fisher Governor Co. 


Stilts 
Potters Supply Co. 


Strainers (Oil—Water) 
isher Governor Co. 
Maxon Premix Burner Co. 


Sulphuric Acid 
Drakenfeld & Co., B. F. 
Harshaw, Fuller & Goodwin Co. 
Pennsylvania Salt M 
Roessler ‘and pl Chemical Co. 


Tachometers 
Brown Instrument Co. 


Talc 
Harshaw, Fuller & Goodwin Co. 
Innis, Speiden & Co. 
Roessler and Hasslacher Chemical Co 


Temperature Controls 
Chas. Engelhard, Inc. 


Temperature Instruments (Measuring) 
Brown Instrument Co. 
Engelhard, Chas., Inc. 

Fisher Scientific Co. 
Leeds & Northrup Co. 


Thermocouples 
Rrown Instrument Co. 
Chas. Engelhard, Inc. 
Leeds & Northrup Co. 


Thermometers (Electric Resistance) 
(Indicating, etc.) 
Brown Instrument Co. 
Chas. Engelhard, Inc. 
Leeds & Northrup Co. 
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Thermometers (Mercurial) 
Fisher Scientific Co. 


Thimbles (Filtering Extraction) 
Norton Co. 


Tile (Refractory) 
The Carborundum Co. (Carbofrax) 


Tile Machinery (Floor and Wall) 
Mueller Machine Co., Inc. 


Tin Oxide 
Drakenfeld & Co. 
Harshaw, Fuller & Co. 
Metal & Thermit Corp. 


Roessler and Hasslacher Chemical Co. 


Titanium 
Titanium Alloy Mfg. Co. 


Transmission Machinery 
Jeffrey Mfg. Co. 


Tubes (Insulating) 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 


Tubes (Pyrometer) 
Brown Instrument Co. (Sillimanite) 
Chas. Engelhard, Inc. 
Fisher Scientific Co. 
Leeds & Northrup Co. 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 


U 


Unloaders, Car 
Jeffrey Mfg. Co. 


Vacuum Pumps 
Fisher Scientific Co. 
Mueller Machine Co., Inc. 


Valves ‘(Automatic Control) 
Brown Instrument Co. 
Chas. Engelhard, Inc. 


Valves (Reducing, Pressure, Exhaust) 
Fisher Governor Co. 


V-Notch Meters 
Brown Instrument Co. 


Wet Enamel 
Chicago Vitreous Enamel Product Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Whitin 
Drakenfeld & Co., F. 
Harshaw, Fuller & Goodwin Co. 
Innis, Speiden & Co. 
Roessler and Hasslacher Chemical Co. 


Witherite 
Harshaw, Fuller & Goodwin Co. 
Innis, Speiden & Co. 


Zirconia 
Roessler and Hasslacher Chemical Co. 
Titanium Alloy Mfg. Co. 
Vitro Mfg. Co. 


FOR SALE 


A New No. 6 Pottery Kiln, at a reduced rate. 


Address J. Hoagland, 206 Quincy 
Street, Brooklyn, New York 


H. C. SPINKS CLAY CO. 
MINERS and SHIPPERS 
BALL-SAGGER-WAD CLAY 


MINES-PURYEAR, TENN. 
PARIS, TENN. OFFICE-NEWPORT, KY. 
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CLASSIFIED ADVERTISING 


Ceramic Engineer who has 
had experience in a large 
Vitreous Enameling factory. 
Familiar with the enameling 
of refrigerator linings and 
panels; must understand the 
preparing of frit suited to this 


Eastern University desires to em- 
a an instructor in ceramics to 
egin work September first. Salary 
$2100 per year with excellent op- 
portunities. Write at once giving 
training, experience, etc. ll re- 
plies held in strict confidence. Box 
American Ceramic Society, 
ase N. High Street, Columbus, 
io. 


work; must be capable of tak- 


ing charge of all operations ods 
pertaining to this kind of WANTED, an assistant professor 
work; must be an executive of ceramic engineering, to teach 


and familiar with progressive whitewares or plant layout and 


. equipment design. Salar about 
production methods. Prefer $2600. Give details of walaing and 
a man who Bet All replies confidential. 
with inexperienced help. ac- ox 33- American eramic 
tory located in Southwestern Society, 2925 N. 


Ohio. 

In your first letter mention 
education, practical experi- 
ence, and the number of 
employees you have super- 


WANTED: Ceramic Engineer, re- 
cent graduate of recognized Univer- 
sity or College. Practical experi- 


ence desired but not essential for 
vised on this kind of work. qualification. Good opportunity for 


Also detail duties of these aggressive individual. Box 34-A, 
positions, c/o American Ceramic Society, 2525 
This is a real position for N. High Street, Columbus, Ohio. 

the right person. 
Box 30 A, American Ceramic 
Society, 2525 N. High Street, 
Columbus, Ohio. 


WANTED: Research assist- 
ants for immediate appoint- 
ment. Opportunity will be 
Chemically trained executive with given for study for advanced 
17 years experience all branches of degrees. Candidates must 
the enameling industry including hold at least the ‘Bachelors’ 


kitchen ware, table tops, stove 
parts, signs, specialties, and cast degree. Make application at 


iron, desires connection with con- once to Prof. C. W. Parmelee, 
cern having opportunity for develop- Department of Ceramic En- 
ment wor Experience includes . . Uni . f Il 
technical control, frit manufacture, gineering, niversity 0 4s 
purchasing, costs, plant manage- linois, Urbana, Illinois. 

ment. At present employed, age 35, 
married. Box 34-A, American 
Ceramic Society, 2525 N. High 
Street, Columbus, Ohio. 


The Journal of the Society of Glass Technology 


A quarterly Journal containing original and abstracts 
of papers covering the whole field of Glass Technology.. 


ANNUAL SUBSCRIPTIONS TO SOCIETY (Including Journal) 
Price per Number to non-Members 
Price per Volume (unbound) to non-Members................ccccecccetecccecece 9.00 
Forms of | for neg may be obtained from the American Treasurer of the 

Society, Mr. Wm. lark, Ph.B., Nela Park, Cleveland, Ohio, 


Address orders and inquiries to: The Secretary, Society of Glass Technology, The Uni- 
versity, Sheffield, England. 
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Detroit Electric Furnace Co. says 


“CORUNDITE!” 


When operating conditions demand 
3100 degrees furnace temperature, then 
the furnace lining has got to be good. 
That’s why the Detroit Electric Fur- 
nace Company picked CORUNDITE nine 
years ago. 


CORUNDITE in Detroit Electric Furnaces not | 


only must maintain a generous refractory 
safety margin at operating temperatures of 
2200 to 3100 degrees, but it also must prevent 
heat losses, withstand frequent temperature 
shocks during the many chargings in a day and 
resist the severe corrosive, fluxing and slagging 
action that occurs when non-ferrous metals are 
melted. 


CORUNDITE refractories produced under strict 
laboratory control in the various shapes re- 
quired for Detroit Electric Furnaces are re- 
ported time after time as giving the lowest 
over-all cost per ton of metal produced. 


Whatever the shape, whatever the con- 
dition to meet, CORUNDITE engineers 
have the answer to your problem or 
know how to find it. 


The Massillon Stone & Fire Brick Co. 


Massillon, Ohio 
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THE 


PROFESSIONAL 
DIRECTORY 


THE SHARP-SCHURTZ CO. 
Chemists for the Ceramic Industry 
We have fully equipped laboratories at 
Lancaster, Ohio, U. S. A. 


T. W. GARVE 
Engineering 
510 Schultz Bldg., Columbus, Ohio 


Remodeling and Design of Plants 
Design of Buildings, Machinery, 
Dryers, and Kilns 
Preliminary Investigations 


Tow can use this 


space to advantage 


for $30 per year. 


CERAMIC 
BREVITIES 


This month we have with us The 
Seaboard Feldspar Company and the 
Massillon Stone and Fire Brick Co. 

Both these companies are prepared 
to render to the ceramic industry a 
service in keeping with their stand- 
ards. It will pay you to get in 
touch with them when in need of 
material which they market. 
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H. W. R. SAGGER CLAY 


and 


H. W. R. ChLA® 


HARBISC Your Complete Sagger Batch 


Offices 
Complete World's Largest of Refractories Principal 
Info: ion Cc 
_ 


Pyrometer Tubes—Protection Tubes—Combustion Tubes 
McDanel Refractory Porcelain Company 
Beaver Falls, Pennsylvania 


UNUSUAL - SHAPES - OUR - SPECIALTY 


BALL—SAGGER— WAD— ENAMEL 
CLAYS of the 
HIGHEST GRADE 


THE MANDLE-PORTER CLAY CO., PARIS, TENN. 


HIGH GRADE 


LAYS 


OF EVERY KIND-FOR EVERY PURPOSE 
UNITED CLAY MINES 


CORPORATION 
GENERAL OFFICES TRENTON, N.J 


The September circulation of the Journal is 


2550 copies 
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Spotless and Greater’ 
Furnace? Efficiency with 


CARBOFRAX MUFFLES 


T has been the history of all proper installations 

of Carbofrax Muffles that there has been a greater 
production of a higher quality of ware and a better- 
ing of general furnace performance. 

A Carbofrax Muffle speeds up the heat flow to the 
working chamber. It passes the heat 8 to 10 times 
faster than fire clay because of the extraordinary 
heat conductivity of Carbofrax, the Carborundum 
Refractory. 

Its resistance to high temperatures without soften- 
ing and its decided mechanical strength prevent 
warping or sagging. There is no springing of joints 
causing ware spoiling leaks. 

With a Carbofrax Muffle you can load to fullest 
capacity and be assured ofa uniform heat distribution. 

It will effect an appreciable fuel saving and you elim- 
inate costly shut downs for repairs because a Carbo- 
frax Muffle shows remarkably long life. 


Our Sales Engineering Department can help you towards 
Greater? Furnace? Efficiency 


Carborundum Refractories 


Brick and Tile for Boiler and Furnace Settings ; Muffles for Enameling Furnaces; 
Hearths for Heat-Treating Furnaces; Cements for all High Temperature Work 


THE CARBORUNDUM COMPANY, PERTH AMBOY,N. J. 


Williams and Wilson, Ltd., Montreal Christy Firebrick Co., St. Louis 
i= ls the Registered Trad> Name used by Tbe Carborundum Compan 
Mask tho propenty of The Carborundum pany. 


(When writing to advertisers, please mention the JOURNAL) 


Hil 
= | Peer cc 
| 4 
“4 
‘ 


AMERICAN CERAMIC SOCIETY 


31 


Of course you use 
AIR PRESSURE - 


Type 78 
Combination Air Reducing Valve 


But do you use it in the best way? Are your air 
pressure devices equipped for easy and accurate 
control? 


ENAMELERS, POTTERS, GLASS MAKERS, you need 
Fisher Regulators Type 78 to control your sand 
blast pressures, to control the pressure of your clays 
and the automatic control of air pressure for the 
machines. 


Write for bulletins covering these uses 
for Fisher Regulators 


THE FISHER GOVERNOR CO., INC. 
100 Fisher Bldg. Marshalltown, Iowa 
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Electric Heat 


cuts annealing time 50% 


Electric Heat continues its revolutionary work in 
glass annealing at the Alton, III. plant of the Ilinois 
Glass Company. And as usual the results are 
obtained in G-E equipped lehrs* In these lehrs, 


i 

( aks ] 5-gallon bottles are annealed 100%; the time of 
will not supplant all annealing has actually been cut in half; the 
other forms of heat for ” 
industrial purposes, annealing space, or lehr space, has been reduced 

are processes in 

every industry where 33%; and the quality of the bottles has been so 
Ae Sy improved that customers are outspoken in their 
appreciation. 

\ The glass industry is coming to electric heat. 
There is great advantage, however, in coming to 
it first. Your nearest G-E office will supply you 

ULTIMATELY with information. 

IN EVERY INDUSTRY *Every electric lehr in the country is G-E equipped. 

570-32C 


GENERAL ELECTRIC 


ELECTRIC COMPANY, SCHENECTADY, . SALES OFFICES IN PRINCIPAL 
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PREM 


| Write for Information Concerning 


Application of 


MAXON PREMIX 
FELDSPAR 


—Frit Melting | An extremely high-grade 


1816 1927 


—Vitreous Enameling | Potash Spar ged a 
our own mills under 
—Continuous Tunnel constant and thorough 
Kilns chemical control. 
—Rotary Dryers Capacity up to 300 Tons Daily 
—H igh We solicit your inquiries 
est Furnaces 
| INNIS, SPEIDEN & CO., Inc. 
Increase Production Importers, Manufacturers, Exporters 
Lower Operating Costs 46 CLIFF STREET NEW YORK 
MAXON PREMIX BURNER CO. Branches: 
BOSTON PHILADELPHIA 
Muncie, Indiana GLOVERSVILLE 


Don’t Forget! — FERRO BURNING POINTS AND 
BARS ARE BETTER 


Better Metal — Better Castings — Better Designs 
Better Service — Better Prices 


See our Standard Patterns in our Burning Bar Booklet. 
Write for it today—it’s free. 


THE FERRO ENAMEL SUPPLY CO. 


2100 B. F. Keith Building CLEVELAND, OHIO 


PENNSYLVANIA SALT 


COMPANY 

Executive Offices: Philadel- PURE 

Works: Philadelphia and Er, NOK 
and Menomiriee, Mich. i| Il 
Representatives : 


New York Chicago 


Pittsburgh St. Louis "?P 1 L AD ELP HI A,PA 
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Your quality enameling wins again 


F YOU are one of those fortunate enamelers who use # , : 
Pu tubes d 
ARMCO Ingot Iron exclusively, the advertisement 7 


below will interest you. This forceful appeal will oc- 
cupy full page space in the September issue of Good 
Housekeeping magazine. 
Thousands of housewives are expressing preference 
for ARMCO-labeled porcelain enameled equipment. 
7: The result of merit back of a nationally-known 
trade mark. 

So your quality enameling wins every time the retail 
clerk points to the blue and gold label. And this con- 
sumer preference returns to you in the form of in- 


creased demand for high-grade porcelain enameled 


products, Ps 


The Armco Label identifies en- 
during porcelain enamel ware 


mark i unseen parts. 
their quality in pA 
om that the article 1s made wr 


ARMCO Ingot Iron bas 


made of ARMCO porcelas® 
day cts of 


A 
Every sheet cof galvanized 


nce 
of rust-resist 
ngle Make sure 


takes for tt. 
ous! karchen equip- iron. No by looking s the 
f their kitc Armco 10) covering Here 
want the and holds @ porcelain manufac- And in the HOUSE way to sve 
ment today: ecelain enamel uch Armes this label on their prod he cost and annoyance 
beauty chat yn which so ™ turers who put t house-repairs 
brings x5 to be done. ucts are 
Jook at the gleaming eed utmost in quality 
y rators, washing NG 
ln peas, able RU sT-RESIST! 
c he score, roduct: 
cooking and ease chey metal p 
imagine 15 50 ou to flashing, 
add to yout spotless Yngot fur- dowaspours 
them shining to sist laundry dnvers, exc build 
keep doesn’t take lor of in cans, etc. All gal Jways call him when 
It doesn hen with bage an sally, save you 
hole kitche Aces, efrigerators 
Lip Your eful articles. Most parts of refrigs sngotiron. of is work Lasts. 
artractive and meet your ould berustresisting AE double and bother, 
= Here, Armco ingot 08 ot only AMERICAN ROLLING ned 
weekly ves sre buying them procection against umpuniues that THE Middierowa, ObvO 
ie comes tame co buy coat of cha 


for vitreous | are 
already finding much favor 
among exacting enamelers. 
And they have been on the 
market for but a _ few 
months. If you use 
ARMCO Ingot Iron sheets, 
then you know what to ex- 
pect from tubes and pipe 
of this same pure iron— 
uniformity, degasification, 
and an enamel-grippin 

surface. Obtainable wit 

butt or lap-welded joints. 
Write for quotations and 
other information, 


rmco 
ed with the Armco 
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You should use Gas 
the Perfect Fuel 


Just a brief outline that will give you 
abundant food for thought— 


COMPLETE and INSTANT CONTROL —the 
results of which are: 
Economy in production 
Elimination of spoilage 
Maintenance of uniform quality in product 
Greater average speed in manufacturing 
operations 
Increased output 


NO FUEL STORAGE in your plant — which 
means: 
Economy in factory space 
No capital teed up in fuel 
You pay for gas AFTER using, not before 
A constant fuel supply always instantly avail- 
able 


ELIMINATION OF SMOKE and ash removal 
—resulting in: 
Enhanced value of real estate and’ buildings 
Savings in cost of cleaning, painting and re- 
decorating 
Better working conditions 
Increased man-power efficiency 
Gas is saving money for others in your line 
of industry. It will do the same for you. For 


further information, consult your local gas 
company, or write to 


American Gas Association 
420 Lexington Avenue, New York City 


We have an interesting booklet which 
will be sent on request. 
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PENNSYLVANIA PULVERIZING CO. 


LEWISTOWN, PA. 


Pure Canadian Potash Feldspar 
Potters Flint Placing Sand 


SALES OFFICE 


323 Fourth Avenue 
Pittsburgh, Pa. 


Laboratory Control 
Guarantees Uniformity 


Every step in the manufacture of 
Vitro Products is under direct and 
constant laboratory control. This 
gives you products of absolute uni- 
formity and complete freedom from 
undesirable impurities. Vitro Products 
give Specified Results. 


Write for prices and full information. 


Products of 
Vitro Manufacturing Co. 


Vitrifiable Colors 
Chromium Oxide 
Cadmium Sulphide 
Selenium 

Sodium Uranyl Carbonate 
Sodium Uranate 
Sodium Antimonate 
Copper Oxide 
Zirconium Products 
Cobalt Oxide 
Cement Colors 


. Roman Gold 


White Gold 

Enamels for Cast Iron 
Enamels for Sheet Steel 
Porcelain Sanitary Enamels 
Copper Enamels 


THE VITRO MANUFACTURING CO. 
Fulton Bldg., PITTSBURGH, PA. 
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After an exhaustive study of the requirements of the Enamel- 
ing Industry we are producing: 


WABIK METAL 
SPECIAL VITREOUS ENAMELING 
SHEETS 


Unlike ordinary steel sheets, warping and blistering is reduced 
to a minimum, thus increasing the Enameler’s output and 
profit. 

Many of the leading plants now recognize “WABIK METAL” 
as the supreme stock for that beautiful permanent lustre which 
is so essential in Table Tops, Stove Parts, Refrigerator Parts, 
Signs, etc. 


THE MANSFIELD SHEET & TIN PLATE CO. 


MANSFIELD, OHIO 


9.5% Pure 


We also make Boric Acid, guaranteed 99.5% pure 


| Write us for specification and price 


| American Potash-Chemical Corporation 
| WOOLWORTH BLDG. NEW YORK CIT~ 


THREE ELEPHANT BORAX 


Quality Uniformity Service 
LUSTERLITE ENAMELS 
‘MANUFACTURERS 
FURNACES - - SPEED FORKS - - ENAMELS 


Complete Enamel Shop Supplies and Equipment 
STOCK CARRIED 


Chicago Vitreous Enamel Product Company 
1407-47 S. 55th Court, Cicero, Ill., U. S. A. 
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If you want pyrometer protection tube satisfaction 
USE 


Montgomery Hard Porcelain Pyrometer Tubes 
All Sizes and Lengths for either Platinum or Base Metal Couples 


The Best Liked and Most Largely Used 
Protection Tubes on the Market today 


If the manufacturer of your pyrometer equipment cannot supply 
you, write us direct. TRADE MARK 


MONTGOMERY PORCELAIN PRODUCTS CO. 
FRANKLIN, OHIO, U. &. A. 10-22 


Brick Making Machines 


Crushers Grinders Mixers 


Automatic Cutters 


Chambers Bros. Co. 
Philadelphia Pennsylvania 


at 


LOWER COST 


These Machines press 
saggers from solid 


‘a wads of clay. Our 
: ‘iy sagger dies have no 
| or open under pres- 
1? sure; this insures a 


homogeneous product 
and reduces to a mini- 
mum the losses in fir- 
ing. 

Write for Bulletins 
and full information 


THE WATSON-STILLMAN CO. 
108 Washington Street, NEW YORK 


Showing a 50 Ton Sagger Press 
Outfit Compietely equipped with Chicago, 549 Washington Blvd. 


Philadelphia, Widener Bldg. 
Cleveland, Auditorium Garage Bldg. 
Detroit, 7752 DuBoise St. 


dies for making Elliptical Saggers. 


(When writing to advertisers, please mention the JOURNAL) 


_ 
= 
WATSON-STILLMAN SAGGER PRESSES 
MAKE BETTER SAGGERS 
3 


AMERICAN CERAMIC SOCIETY 39 


“Number, please.” 

“Branch Brook 7705.” 

“Thank you.” 

“Hello, Newark Wire Cloth 
Company.” 

“This is Jackson of the Atlas 


Every man in the ceramic industry who 
uses wire cloth should have a copy. This is 


Clay Products Co. I understand 
you have just published a new 
wire cloth catalog.” 

"Yes, we have.” 

**Mail me a copy, will you?” 
“We sure will ” etc., etc. 


No. 26 and it supersedes No. 25. Ask for ri 
this new edition and throw the old one 
away. 

Send in a trial order and see how 4 


quickly we ship. Because of our large 
stock we can often ship on the Fs 
same day the order is received. » 


Newark wire cloth is made 
of all malleable metals from re) 
platinum to steel. Al & a 
weaves. All sizes. 
Meet us at the Vey 
Chemical 
Show, 

Booth 
82 


CLAY MACHINERY! 


SAGGER ROOM 


Grog Pans 
Pug Mills 
Sagger Presses 
Wad Mills 
Grog Screens 


PRESS ROOM 


Tile Presses 
Faience Presses 
Porcelain Presses 
Dies & Equipment 


SLIP HOUSE 


Blungers 
Agitators 
Lawns 
Pumps 

Filter Presses 


GREEN ROOM 
Jiggers 

Pull Downs 
Cleaning Wheels 
Batting Machines 


GRINDING ROOM 


Clay Crackers 
Pulverizers 
Cage Grinders 
Dust Screens 
Pebble Mills 


GLAZE ROOM 
Glaze Mills 
Agitators 
Lawns 

Pumps 


THE MUELLER MACHINE CO. 


TRENTON, N. J. 
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DRYING 
MACHINERY 


for all 
Clay Products 


Electrical Porcelain 
Sanitary Ware 
General Ware in Molds 
Dipped General Ware 
Clay Rolls : Spark Plugs 
Saggers : Tile 
Refractories : Brick 
Chemical Stoneware 


PROCTOR & SCHWARTZ, W«. 


PHILADELPHIA, PA. 
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Twenty Mule Team Brand 
BORAX and BORIC ACID 


9914%-100% Pure 
Quality, Uniformity, Service 
i BR PACIFIC COAST BORAX CO., NEW YORK 


Chicago Los Angeles 


KENTUCKY CONSTRUCTION & IMPROVEMENT CO. 
MAYFIELD, KENTUCKY 


Miners and distributors of high grade ball, 
sagger and plastic fire 


CLAYS 


for all white bodies, enamels and heavy refractories 


Refractory Materials 


Products of the Electric Furnace 


SILICON CARBIDE 
SILICON CARBIDE FIRESAND 
FUSED SILICA 
ARTIFICIAL MULLITE 
FUSED ALUMINUM OXIDE 
SINTERED MAGNESIA 


Furnished in raw material form, ground 
to meet specifications. 


Our Research Department with fully equipped 
5 P| laboratories is always at your service. 


WRITE US ABOUT YOUR PROBLEMS 


i THE EXOLON COMPANY 


Established 1914 


: THOROLD, ONTARIO 
Electric Furnace Plants | STAMFORD, ONTARIO 


Finishing Plant 

}BLASDELL, N. Y. 
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a more uniform product 
at a reduced cost — 


Results with Recording Pyrometers in Ceramics 


{ Proper temperature curves from which best temperature curves may be plotted 
for similar clays. { Definite temperature curves to guide burners and to show 
the conditions of the kilns at various periods of the burn, affording efficient opera- 
tion. {Kilns brought up to heat without setbacks—no more uneven firing. 
{ Fuel savings due to more even rate of firing, which shortens burning time. 
§ More rapid turnover of plant capacity due to shorter burning time. { Valuable 
data to guide ceramic engineers. 


Type S Engelhard Recorder 
for CO», temperatures, or both 
is especially desirable because of mew improved devices for contact, inking, and con- 


trolling depression bar, rollers and color-changing mechanism. No auxiliary cabinets 
are needed. 


No moving parts can wear, cause friction or distort moving coil. It records temperatures 
up to 3000° F. electrically and rerolls the record, which can be unwound to inspect 
previous runs. 


1 to 6 different records, in black or different colors, can be made. Chart speed can be 
changed during action. Charts are easy to read; the hour line is straight, not arced. 
Rolls need be changed only once in 30 days; they can be cut for convenient filing. 


Write for pertinent data and illustrated catalog 


Charles Engelhard, Inc. 


Ceramic Engineering Dept. 
90 Chestnut St., Newark N. J. 
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EDGAR CLAYS 
fe 


POTTERY — TILE 

TERRA COTTA — CHINA 
SANITARY WARE 
ELECTRICAL PORCELAIN 
ENAMELED WARE 


Testing Samples Gladly Sent 


EDGAR PLASTIC KAOLIN CO. 


EDGAR BROTHERS CO. LAKE COUNTY CLAY CO. 
One Management 


METUCHEN, N. J. 


LaMotte Roulette Comparator, , 


The ideal equipment for pH control in 
all branches of the Ceramic Industry. 


Send for “The ABC of Hydrogen Ion Control” 
which explains this modern control method in sim- 
ple language. Free on request. 


LaMOTTE CHEMICAL PRODUCTS CO. Patent Applied for. 
414 Light Street Baltimore, Md., U. S. A. 


pt 


Virginian High Potash Spar is the only 
North American Feldspar 
used in the manufacture of French Porcelain 
It is also used by many of the most discriminating American manufacturers. 


THE SEABOARD FELDSPAR COMPANY 


430 Hearst Tower Bid., Baltimore, Md. 
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‘*HURRICANE” Dryers Save Steam 


HE METHOD of air recirculation 

used in the “HURRICANE” Dryer 
saves a large part of the steam re- 
quired. The air is reheated in stages as 
it progresses through the machine from 
the dry end to the wet end, so that a 
high final moisture content is obtained 
without at any time heating the air above 
the permissable temperature. The ma- 
terials are dried gradually and uniformly. 
Breakage losses, due heretofore to shrink- 
age stresses, are often reduced to a sur- 
prising extent,—and better ware pro- 


duced. 
ments, Raw 


“HURRICANE” Ceramic Dryers are Stock and 
made in Tunnel Truck, Continuous Con- Fabrics; Fans. 
veyor, and Tray types. 


“Hurricane” 
products are 


dryers for 
Chemicals, Pig- 


THE PHILADELPHIA DRYING MACHINERY CO. 
Stokely St. above Westmoreland, Philadelphia, Pa. 


New England Office: 
53 State St., Boston, Mass. 
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